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THERMOGRAPHIC  INVESTIGATION  OF  THE  REGENERATION  OF 
CHROMIUM  CATALYSTS 

T.  V.  Rode  and  A.  A.  Balandin 


The  regeneration  of  catalysts  reversibly  poisoned  with  carbonaceous  deposits  that  shield  the  active  centers 
consists  of  burning  out  these  deposits  in  a  current  of  air  or  a  mixture  of  various  proportions  of  nitrogen  and  oxygen. 

This  process  has  a  distinctly  exothermic  character,  and  it  therefore  was  expedient  to  employ  for  its  investigation 
the  method  of  differential  thermal  analysis  [1]. 

The  question  of  the  relative  temperature  at  which  the  regeneration  process  must  be  carried  out  is  very 
important;  however,  the  theoretical  investigations  of  this  question  have  been  very  few.  The  first  work  in  this 
direction  was  that  of  N.  D.  Zelenskii  and  M.  B.  Turova  [2];  from  the  amount  of  carbon  dioxide  that  was  evolved  | 

at  different  temperatures  they  judged  the  degree  of  contamination  of  platinum  and  palladium  catalysts  by  car¬ 
bonaceous  deposits  and  determined  the  temperature  at  which  these  deposits  could  be  completely  removed. 

EXPERIMENTAL 

1 

The  method  of  recording  the  thermograms  has  been  described  previously  [3]. 

In  Fig.  1  are  shown  the  thermograms  for  a  chromium  catalyst  recorded  before  and  after  it  had  been  poisoned 
in  the  decomposition  of  isopropyl  alcohol.  In  the  thermogram  of  the  poisoned  catalyst  the  great  exothermic 
effect  of  the  combustion  of  the  carbonaceous  deposits  is  observed,  starting  at  260*. 

Effect  of  the  reaction  on  the  character  of  the  carbonaceous  deposits.  In  Figure  2  are  shown  the  thermo¬ 
grams  for  a  chromium  catalyst,  obtained  by  the  thermal  decomposition  of  ammonium  bichromate  (No.  42  in  a 
series  of  catalysts  prepared  by  us),  which  was  reversibly  poisoned  in  four  different  reactions:  the  decomposition 
of  n-propyl  alcohol,  the  decomposition  of  butyl  alcohol,  the  dehydrogenation  of  cyclohexane,  and  the  experi¬ 
mental  conversion  of  xylene  with  steam.  In  three  of  the  thermograms  endothermic  effects  are  observed  with 
minima  at  about  100-120*,  corresponding  to  the  removal  of  sorbed  water,  which  is  a  reaction  product  in  the 
first  two  instances  and  one  of  the  starting  materials  in  the  last.  The  exothermic  effects  in  all  four  thermograms 
correspond  to  the  combustion  of  the  carbonaceous  deposits.  The  temperatures  where  these  effects  start  vary 
within  wide  limits,  from  189  to  580*.  This  indicates  the  completely  different  character  of  the  carbonaceous 
deposits  that  had  been  formed  on  the  catalyst.  In  the  reaction  with  butyl  alcohol,  moreover,  a  part  was  played 
by  the  higher  temperature  at  which  the  reaction  was  carried  out,  which  also  influenced  the  character  of  the 
deposits,  as  will  be  shown  below. 

The  nature  of  the  exothermic  effect  in  thermogram  4  (Fig.  2)  of  the  poisoned  chromium  catalyst  differs 
from  that  in  the  other  thermograms.  The  conversion  reaction  of  xylene  with  steam,  which  takes  place  over  Ni 
on  AI2O3  [4],  did  not  go  with  our  catalyst,  but  the  latter  did  sorb  a  considerable  amount  of  water  and  was  poisoned 
with  carbonaceous  deposits.*  The  exothermic  effect  of  the  combustion  of  these  deposits  is  dichotomous,  with 
maxima  at  436  and  496*.  This  fact  provides  a  basis  for  supposing  that  two  components  are  present  in  the  deposits, 
with  different  combustion  temperatures. 


•From  data  of  A.  A.  Balandin  and  T.  A.  Slovookhotovaia. 
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In  Table  1  a  comparison  is  made  of  the  temperatures  of 
the  exothermic  effects  and  of  the  analyses  of  the  carbonaceous 
deposits  for  two  of  the  preparations  investigated  by  us.*  The 
comparison  of  the  number  of  hydrogen  atoms  on  one  carbon 
atom  confirms  the  data  of  the  thermal  analysis,  which  show 
that  the  character  of  the  carbonaceous  deposits  differs,  depend¬ 
ing  on  the  reaction  taking  place. 

Effect  of  period  of  use  of  the  catalyst.  In  Figure  3  are  given 
three  thermograms  for  a  poisoned  catalyst  which  show  the  effect 
of  the  length  of  time  it  had  been  used  on  the  character  of  the 
carbonaceous  deposits.  The  decomposition  of  isopropyl  alcohol 
was  carried  out  on  the  catalyst  at  a  reaction  temperature  of 
420*.  In  Table  2  are  given  the  temperatures  for  the  beginning 
and  the  maximum  of  the  exothermic  effects,  the  analyses  of 
the  carbonaceous  deposits,  and  the  loss  upon  calcination  of  these 
samples. 


Fig.  1.  Thermograms  of  chromium 
catalyst:  1)  before  poisoning;  2) 
after  poisoning. 


When  the  period  of  use  of  the  catalyst  without  regeneration 
was  increased  not  only  did  the  amount  of  carbonaceous  deposits 
increase,  as  has  already  been  noted  previously  [5],  but  the  quali¬ 
tative  composition  of  the  coating  changed.  This  is  indicated  by 
the  change  in  the  character  of  the  thermograms  presented  in 
Figure  3,  which  show  the  appearance  and  the  increase  in  amount 
of  the  second  constituent  of  the  carbonaceous  deposits,  which 
has  a  higher  combustion  temperature.  Actually,  in  the  thermo¬ 
gram  of  the  sample  used  for  2  hours,  only  a  small  inflection  is 
observed  at  318*.  In  the  thermogram  of  the  sample  used  for 
6  hours,  a  bifurcation  of  the  maximum  is  observed  between  283 
and  240*,  and  in  the  thermogram  of  the  most  highly  poisoned 
sample,  used  for  12  hours,  a  quite  clear  dichotomy  of  the  exo¬ 
thermic  effect  is  visible,  with  maxima  at  370  and  475*.  This 
indicates  the  presence  of  two  constituents  in  the  carbonaceous 
coating:  one  that  starts  to  burn  at  302*,  and  the  other  at  about 
402*. 


With  an  increase  in  the  period  of  use  of  the  catalyst,  the 
temperature  at  which  the  combustion  of  the  first  constituent 
started  was  elevated  (the  initial  effect  shifted  from  240  to  302*). 
Furthermore,  the  second,  undesirable  constituent  of  this  coating, 
which  required  a  higher  regeneration  temperature  for  its  removal, 
made  its  appearance  and  grew  in  importance. 


Time 


Fig.  2.  Thermograms  of  chromium 
catalyst  poisoned  in  reactions: 

1)  decomposition  of  n -propyl 
alcohol;  2)  decomposition  of  n-butyl 
alcohol;  3)  decomposition  of  cyclo¬ 
hexane;  4)  conversion  of  xylene  with 
steam. 


Thermograms  of  poisoned  catalysts  recorded  in  a  current 
of  air  and  in  vacuo.  The  curves  1  and  2  in  Fig.  4,  correspond  to 


the  thermograms  of  the  poisoned  catalysts  just  examined,  which 
were  recorded  in  a  current  of  air;  i.  e.,  under  the  conditions 
usually  employed  in  carrying  out  the  regeneration  process.  Com¬ 
parison  of  these  thermograms  with  the  corresponding  thermo¬ 
grams  of  the  same  preparations  recorded  by  the  usual  method 
in  open  crucibles  (see  Fig.  3,  curves  1  and  3)  shows  that  the  draft 
of  air  had  considerably  less  effect  on  the  thermogram  of  the 
catalyst  used  for  2  hours  than  on  that  of  the  strongly  poisoned 
catalyst  used  for  12  hours  without  regeneration.  As  a  result  of  the  presence  of  an  excess  of  oxygen,  the  tempera¬ 
tures  in  thermogram  2  (Fig.  4)  were  shifted  to  the  lower  range  (from  302  to  255*).  The  presence  of  two  consti¬ 
tuents  is  seen  especially  clearly  in  this  thermogram. 


•  The  analyses  were  carried  out  in  the  microanalytical  laboratory  of  the  Institute  of  Organic  Chemistry  of  the 
Academy  of  Sciences  of  the  USSR. 
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TABLE  1 


Temperature  | 

Analyses  of  poisoned  catalysts 

Reaction  conduc¬ 
ted 

start  of 
effect 

maxima 

%  c 

7o  H 

atomic 
ratio  H :  C 

wt.  loss  on 
calcination 

Dehydrogenation  and 
dehydration  of 
n- propyl  alcohol 

316® 

382® 

2.43 

0.57 

2.81 

8.73 

Conversion  of  xylene 
with  steam 

364 

436  H  496 

1 

1,01 

0.58 

6.89 

13.28 

TABLE  2 


Tempera¬ 
ture  of 
poison¬ 
ing 

Period  of 
use  with¬ 
out  re¬ 
genera¬ 
tion 

[in  hours) 

Temperature 

Analyses 

start  of 

effect 

1st 

maximum 

2nd 

maximum 

7o  C 

7o  H 

ratio 

H:C 

jwt.  loss  on 
calcination 

!  d) 

420° 

2 

240° 

285® 

318® 

1.57 

0.31 

2.37 

2.60 

(inflect) 

420 

6 

239 

283 

340 

— 

— 

_ 

4.67 

350  —  420 

12 

302 

370 

475 

7.19 

0.39 

0.66 

8.72 

Fig.  3.  Thermograms  of  chromium 
catalyst  used  for  different  periods  of 
time  in  the  decomposition  of  isopropyl 
alcohol  (without  regeneration): 

1)  2  hours:  2)  6  hours:  3)  12  hours. 


Curve  3  in  Figure  4  corresponds  to  the  thermogram  of 
the  last,  most  highly  poisoned  catalyst,  which  we  recorded  in 
vacuo  while  continuously  pumping  out  the  gases  evolved.  As 
was  to  be  expected,  the  exothermic  effects  of  combustion  of 
the  carbonaceous  deposits  were  not  observed  in  it  (oxygen  was 
absent),  and  instead  there  appeared  here  two  high -temperature 
endothermic  effects,  which  were  explained  by  pyrolytic  decom¬ 
position  of  the  coating  under  investigation. 

This  thermogram  shows  that  not  only  the  temperatures  of 
combustion  but  also  the  temperatures  of  pyrolytic  decomposition 
in  vacuo  of  the  two  constituents  of  the  carbonaceous  deposits 
differ  from  one  another.  A  hypothesis  concerning  the  possibility 
of  stepwise  combustion  of  the  coating  under  investigation,  first 
on  the  surface  and  then  in  the  pores  of  the  catalyst,  failed  be¬ 
cause  measurements  made  by  A.  E.  Agronomov  of  the  surface 
of  the  catalyst  used  showed  that  it  was  not  porous;  its  surface 
was  135  m*/g.  An  investigation  of  the  poisoning  of  porous 
chromium  catalysts  will  be  further  carried  out  by  us. 

Effect  of  temperature  of  poisoning  of  catalyst  on  the 
character  of  the  carbonaceous  deposits.  In  Figure  5  are  presented 
the  thermograms  for  a  catalyst  poisoned  by  us  under  exactly  the 
same  conditions  with  the  same  amount  of  starting  material  in 
the  decomposition  of  isopropyl  alcohol.  Only  the  reaction  tem¬ 
perature  was  changed. 
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Fig.  4.  Thermograms  of  poisoned 
chromium  catalyst: 

1)  recorded  in  current  of  air  for 
sample  used  2  hours;  2)  same  for 
sample  used  12  hours:  3)  record¬ 
ed  in  vacuo  for  sample  used  12 
hours. 


Time 

Fig.  5.  Thermograms  of  chromium 
catalyst:  1)  poisoned  at  350*;  2) 
poisoned  at  450*;  3)  poisoned  at 
550*. 


From  the  thermograms  given  it  can  be  seen  that  an  increase 
in  the  reaction  temperature  raises  the  starting  temperature  of  the 
exothermic  effect  of  combustion  of  the  carbonaceous  deposits  and 
increases  the  area  bounded  by  the  curve.  The  latter  circumstance 
is  explained  by  an  increase  in  the  coating  deposited. 

Table  3  gives  a  comparison  of  the  starting  and  maximum 
temperatures  of  the  effects,  the  elementary  analyses  of  the  carbona¬ 
ceous  deposits,  and  the  loss  in  weight  of  the  samples  on  calcination. 

In  all  three  of  the  thermograms  examined,  after  the  maximum 
a  small  inflection  in  the  course  of  the  curve  is  observed,  which  may 
correspond  to  the  combustion  of  a  small  amount  of  admixed  second 
constituent:  hence  it  is  necessary  to  use  a  regeneration  temperature 
not  lower  than  this  inflection  point. 

Investigation  of  the  activity  of  regenerated  catalysts.  Besides 
the  recording  ot  the  thermograms  of  the  poisoned  catalysts,  we 
carried  out  several  experiments  to  investigate  the  activity  of  chromium 
oxide  catalysts  regenerated  under  different  conditions.  The  tem¬ 
perature  of  the  sample  was  observed  by  means  of  a  platinum  - 
rhodium  thermocouple  placed  in  the  center  of  it.  The  activity  of  the 
different  regenerated  catalysts  was  checked  in  the  dehydrogenation 
of  cyclohexane,  in  which  the  poisoning  itself  was  carried  out.  The 
data  from  these  experiments  is  presented  in  Table  4. 

Though  the  temperature  at  which  exothermic  effect  of  com¬ 
bustion  of  the  coating  starts  does  not  depend  on  the  size  of  the  sample, 
the  maximum  and  the  end  of  this  process  depend  wholly  on  its  size. 

The  amount  of  catalyst  used  for  regeneration  considerably  exceeded 
the  amount  of  the  sample  that  we  took  for  the  recording  of  the  thermo¬ 
grams  (0.1 -0.2  g):  consequently,  the  temperature  of  the  preparation 
during  combustion  of  the  carbonaceous  deposits  in  the  regeneration 
process  might  be  very  considerably  increased  (by  200-300*)  if  special 
precautionary  measures  were  not  taken  to  eliminate  the  heat.  Thus, 
during  regeneration  it  was  necessary  to  follow  strictly  the  temperature 
of  the  sample  and  not  allow  it  to  overheat  loo  mucn.  Lowering  of 
the  temperature  in  the  catalyst  layer  can  be  regulated  by  decreasing 
the  rate  of  supply  of  oxygen  of  the  air  to  the  furnace.  Sometimes,  to 
avoid  overheating  of  the  catalyst  during  its  regeneration  we  passed  a 
mixture  of  nitrogen  with  2-5%  of  oxygen  [6]  through  it.  An  indication 
that  the  carbonaceous  coating  had  been  completely  removed  from  the 
surface  of  the  preparation  by  combustion  was  the  complete  equalization 
of  the  temperature  within  the  sample  and  in  the  furnace.  Comparison 
of  the  data  in  the  last  two  columns  of  Table  4  shows  that  the  prepara¬ 
tions  regenerated  in  a  total  time  of  20-25  minutes,  when  there  still 
was  not  complete  equalization  of  the  temperature  in  the  furnace  and 
within  the  catalyst  layer,  had  a  lower  activity  than  before  poisoning. 
These  same  catalyst  preparations  regenerated  in  a  period  of  90  min¬ 
utes  at  the  same  temperatures  fully  recovered  their  initial  activity. 

Previous  recording  of  the  thermogram  of  the  poisoned  catalyst 
gives  the  temperature  of  combustion  of  the  carbonaceous  deposits, 
below  which  it  is  impossible  to  regenerate  the  catalyst.  The  thermo¬ 
gram  also  shows  the  presence  or  absence  of  the  second,  very  undesir¬ 
able  constituent  of  the  carbonaceous  coating,  which  requires  a  higher 


Tempera¬ 
ture  of 
poisoning 

Temperature  | 

Analyses 

start  of 
effect 

maximum 

Inflect¬ 

ion 

%  c 

*/«  H 

ivt.  loss  on 
calculation 

350® 

252'’ 

302® 

2.89 

2', 6 

284 

320 

1.93 

2.36 

6.04 

550 

308 

372 

404 

6.82 

0.39 

0.69 

12.58 

TABLE  4 


Regeneration  conditions 

Reaction 

tempera¬ 

ture 

late  of  dehydrogenation 
(in  ml/min)  (STP) 

temperature 

duration 
^in  minutes) 

in 

furnace 

maximum 

in  catalyst 
layer* 

before 

poisoning 

after  regen¬ 
eration 

392® 

460° 

90 

440® 

31.01 

30.97 

392 

510 

20 

440 

31.04 

12.60 

392 

484 

90 

440 

31.04 

31.01 

380 

434 

90 

440 

20.34 

20.28 

426 

502 

20 

520 

102.60 

83.30 

420 

462 

25 

460 

18.41 

7.89 

420 

467 

85 

460 

18.44 

18.11 

452 

514 

60 

472 

78.20 

6.5.18 

452 

490 

90 

472 

78.20 

78.21 

325 

350 

25 

472 

'  78.20 

38.93 

300 

382 

40 

520 

101.01 

•89.90 

500 

680 

90 

520 

101.01 

86.83 

521 

760 

90 

520 

101.01 

19.71 

•  The  variations  in  the  maximum  temperatures  within  the  catalyst  layer 
are  explained  by  the  difference  in  the  rate  of  delivery  of  the  current  of 
air  during  regeneration. 

regeneration  temperature,  and  likewise  indicates  the  character  of  the  drop  in  the  exothermic  effect  of  combus¬ 
tion  of  the  poisonous  coating,  which  illustrates  the  necessity  for  a  longer  period  of  regeneration . 
Therefore,  for  a  rational  approach  to  the  regeneration  of  the  catalyst  it  is  very  desirable  to  have  a  thermogram 
of  the  poisoned  preparation  under  the  given  conditions. 

Lowering  of  the  regeneration  temperature  of  the  catalyst  is  very  desirable  in  general,  and 
in  industry,  where  all  catalytic  processes  are  carried  out  on  a  large  scale,  this  may  have  great  significance, 
increasing  the  period  of  use  and  improving  the  action  of  the  catalyst. 

SUMMARY 

1.  Poisoning  of  chromium  catalysts  by  carbonaceous  deposits  has  been  investigated  by  the  thermographic 
method.  The  difference  in  character  of  these  deposits,  depending  on  the  reaction  carried  out,  has  been  con¬ 
firmed. 

2.  It  has  been  established  that  in  some  instances  the  carbonaceous  coating  has  two  constituents,  one  of 
which  has  a  higher  combustion  temperature  than  the  other.  Raising  the  reaction  temperature  and  increasing  the 
period  of  use  of  the  catalyst  without  regeneration  increase  the  amount  of  this  second,  very  undesirable  constituent. 

3.  The  presence  of  the  two  indicated  constituents  of  the  carbonaceous  coating  on  chromium  catalysts 
poisoned  in  the  decomposition  of  isopropyl  alcohol  has  been  confirmed  by  recording  the  thermograms  of  the 
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poisoned  catalysts  in  vacuo  while  continually  removing  the  gases  evolved.  Instead  of  the  bifurcated  exothermic 
effect  of  combustion  of  the  carbonaceous  deposits,  two  clearly  shown  endothermic  effects  of  pyrolytic  decom¬ 
position  of  the  two  constituents  of  the  deposits  were  observed  in  the  vacuum  thermograms. 

4.  Use  of  differential  thermal  analysis  for  the  investigation  of  the  character  of  the  combustion  of  the 
carbonaceous  deposits  and  the  determination  of  the  combustion  temperature  of  these  deposits  have  made  it 
possible  to  approach  rationally  the  problem  of  the  regeneration  of  catalysts,  to  control  their  combustion,  and 
in  some  instances  also  to  lower  the  temperature  of  this  process. 
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PHYSICOCHEMICAL  ANALYSIS  OF  THE  SYSTEM  FORMIC  ACID  - 


DIMETHYLFORMAMIDE 

DENSITY,  VISCOSITY,  AND  ELECTRICAL  CONDUCTIVITY  IN  THE  SYSTEM 
FORMIC  AQD  -  DIMETHYLFORMAMIDE 

M.  D.  Korol’kova  and  B.  K.  Kricheviov 


It  is  known  that  amides  are  able  to  form  complex  compounds  mainly  with  organic  [1-4]  and  inorganic  [5] 
acids.  In  this  connection  the  physicochemical  analysis  of  the  binary  system  formed  by  formic  acid  and  its 
simplest  dialkyl -substituted  amide,  dimethylformamide,  is  of  theoretical  and  practical  interest.  With  regard 
to  this  system  there  are  in  the  literature  only  contradictory  indications  that  its  components  form  azeotropes  with 
a  maximum  boiling  point  [6,  7].  More  complete  data  on  the  nature  of  the  reaction  between  formic  acid  and 
dimethylformamide  are  lacking  in  the  literature. 

In  the  present  work  we  have  set  up  the  problem  of  investigating  some  of  the  physicochemical  properties 
of  the  system  formed  by  formic  acid  and  dimethylformamide,  in  particular  the  density,  viscosity,  and  electrical 
conductivity,  and  of  showing  to  what  extent  the  results  obtained  by  us  agree  with  the  contemporary  idea  of  the 
properties  of  such  systems. 


EXPERIMENTAL 

Formic  acid  was  purified  by  repeated  rectification  on  a  laboratory  column  under  conditions  that  excluded 
contact  with  the  moisture  of  the  air.  The  purified  acid  boiled  at  100.38’  (757.4  mm)  d®4 1.2201,  n^’D  1.37 10.  Dimethyl¬ 
formamide  was  prepared  from  pure  formic  acid  and  dimethylamine.  The  product  was  purified  by  two  fractional 
distillations  on  the  laboratory  column,  after  which  it  had  the  following  physicochemical  constants:  b.p.  153* 

(760  mm),  d^4  0.9484,  n^  1.4283.  The  solutions  for  the  physicochemical  investigations  were  prepared  by 
weight.  Since  mixing  of  the  components  was  accompanied  by  a  considerable  heat  effect,  the  preparation  of  the 
solutions  was  carried  out  with  cooling.  Measurements  were  made  at  20,  25,  80  and  100*.  The  temperature  in 
the  thermostat  was  maintained  with  an  accuracy  of  0.1*.  The  viscosity  was  determined  in  an  Ostwald  viscosi¬ 
meter,  and  the  density  was  determined  with  a  pycnometer.  The  electrical  conductivity  was  measured  by  the 
Kohlrausch  method  in  closed  vessels  with  a  platinum  electrode. 

Experimental  Data  and  Discussion  of  Results 

The  values  obtained  for  the  densities  and  the  calculated  molar  volumes,  the  values  of  the  viscosity  and 
the  specific  electrical  conductivity  of  the  formic  acid  and  dimethylformamide  solutions  at  20,  25,  80  and 
100*  are  presented  in  Tables  1-3  and  in  Figure  1. 

As  can  be  seen  from  Figure  1,  the  density  isotherms  for  the  indicated  system  are  curves  that  are  slightly  convex 
toward  the  axis  of  composition. 

The  viscosity  isotherm  at  20*  has  a  clear  maximum  in  the  formic  acid  vicinity  and,  moreover,  it  is 
characterized  by  the  presence  of  a  point  of  inflection  at  ~60  mole'^o  of  formic  acid.  With  an  increase  in  tem¬ 
perature  the  maximum  in  the  curve  becomes  less  distinct  and  the  point  of  inflection  is  shifted  in  the  direction 
of  dimethylformamide.  The  electrical  conductivity  isotherms  at  all  temperatures  have  a  maximum  in  the 
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TABLE  1 

Density  and  Molecular  Volumes  in  the  System  Formic  Acid  -  Dimethylformamide 


Density 
molecu¬ 
lar  vol¬ 
ume 

Formic  acid  content  (in  rrtole‘7o) 

0 

10 

20 

30 

35 

40 

45 

50 

55 

0.9484 

0.9628 

0.9783 

0.9963 

1.0047 

1.0161 

1.0238 

1.0385 

1.0506 

•'so 

76.97 

73.015 

69.099 

65.14 

63.52 

61.21 

59.43 

57.29 

55.34 

j80 

0.8920 

0.9059 

0.9201 

0.9397 

0.9485 

0.9580 

0.9681 

0.9803 

0.9883 

•'so 

81.83 

77.50 

73.47 

69.05 

67.08 

64.93 

62.85 

60.59 

58.77 

0.8749 

0.8881 

0.9022 

0.9189 

0.9274 

0.9371 

0.9454 

0.9598 

0.9679 

••lOO 

83.43 

79.15 

74.92 

70.65 

68.52 

66.37 

64.36 

61.99 

60.07 

TABLE  2 

Viscosity  in  the  System  Formic  Acid  -  Dimethylformamide 


n  (in  cp) 

at  tem¬ 
perature 

Formic  acid  content  (in  mole  %) 

0 

10 

20 

30 

35 

40 

45 

50 

55 

20° 

80 

100 

0.8428 

0.4318 

0.3749 

0.9502 

0.4530 

0.3618 

1.0502 

0.4913 

0.3914 

1.1954 

0.5480 

0.4206 

1.2574 

0.5777 

0.4427 

1.3543 

0.5773 

0.4529 

1.4533 

0.5982 

0.4698 

1.5480 

0.6209 

0.4815 

1.6380 

0.6415 

0.4964 

TABLE  3 

Electrical  Conductivity  in  the  System  Formic  Acid  -  Dimethylformamide 


K  - 10^  at 

Formic  acid  content  (in  mole  °lo) 

tempera- 

ture 

0 

10 

20 

30 

35 

40 

45 

50 

55 

20° 

0.0 1364 

2.02 

2.77 

3.40 

3.64 

3.95 

4.64 

5.04 

7.03 

25 

0.04334 

2.14 

2.93 

3.68 

3.89 

4.32 

5.06 

6.54 

8.81 

80 

0.05071 

3.48 

4.75 

6.48 

7.50 

9.06 

10.99 

14.11 

18.13 

100 

0.07038 

4.29 

6.09 

8.36 

10.36 

12.76 

15.38 

19.75 

25.16 

TABLE  4 

Temperature  Coefficients  of  Electrical  Conductivity  (6),  Viscosity  (y),  and  Electrical  Conductivity 
Adduced  in  the  System  Formic  Acid  -  Dimethylformamide 


Formic  acid  content  (in  mole  ^o) 


10 

20 

SO 

35 

40 

45 

50 

iaM20  —  80°) 

2.51 

8.85 

8.77 

10.36 

11.54 

13.08 

13.53 

14.04 

10'’(20-100°) 

5.85 

9.02 

9.38 

10.55 

11.98 

13.18 

13.43 

14.82 

103(20  —  80°) 

10.75 

12.72 

12.12 

12.38 

12.35 

13.41 

13.89 

14.24 

103  (20  — 100°) 

9.61 

11.20 

11.42 

11.94 

11.96 

12.46 

12.77 

13.00 

10*  (20°> 

0.03678 

1.92 

2.92 

4.07 

4.58 

5.36 

6.74 

7.8 
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60 

65 

70 

75 

80 

85  1 

1.0645 

1.0773 

1.0948 

1.1107 

1.1278 

1.1478 

53.35 

51.48 

49.41 

47.49 

45.55 

43.60 

1.0061 

1.0161 

1.0294 

1.0472 

1.0320 

1.0807 

56.55 

54.57 

52.55 

50.37 

48.39 

46.31 

0.9827 

0.9971 

1.0079 

1.0236 

1.0399 

1.0583 

57.78 

55.59 

53.67 

51.53 

49.42 

47.29 

1.1016 

44.20 

1.0794 

45.11 


1.1947 

39.63 

1.1252 

42.08 

1.0018 

42.97 


0.36 
9.?4 

5.47  I  15.57 


8.63  I  7.98 
5.89 
4.48 
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Fig.  1.  Density  (d),  specific  elec¬ 
trical  conductivity  (x)  and  viscosity 
(tj)  in  the  system  formic  acid  —  di- 
methy  Iforma  mid  e . 


region  near  formic  acid.  In  order  to  establish  more  exactly  the 
relationship  of  the  electrical  conductivity  to  the  composition,  we 
calculated  the  relative  temperature  coefficients  of  electrical  con¬ 
ductivity  (6). 
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The  temperature  coefficients  of  viscosity  (y)  were  similarly 
calculated.  The  appropriate  data  are  shown  in  Table  4  and  Fig.  2. 
Here  also  are  shown  the  values  of  the  adduced  electrical  conductivity 
(xn  )  and  the  isotherms  of  molar  volume  (v). 

The  viscosity  isotherms,  which  are  characterized,  as  shown 
above,  by  a  point  of  inflection,  are  indicative  of  a  chemical  reaction. 
As  noted  by  N.  S.  Kumakov,  the  presence  of  such  S-like  isotherms 
is  characteristic  of  systems  with  a  definite  reaction  [8].  The  presence 
of  a  maximum  in  the  viscosity  isotherm  at  20*  in  the  region  of  high 
formic  acid  content  can  be  explained  by  the  further  reaction  of  the 
compound  formed  with  the  formic  acid.  The  complex  originating 
as  a  result  of  this  breaks  down  at  a  higher  temperature.  Hence,  this 
maximum  is  very  weak  in  the  viscosity  isotherms  at  80  and  100*. 

The  isotherms  of  specific  electrical  conductivity  have  a 
maximum  in  the  vicinity  of  pure  formic  acid..  This  maximum 
cannot  be  explained  by  the  change  in  viscosity  alone,  since  the 
electrical  conductivity  isotherm  adjusted  fcfr  the  viscosity  at  20* 
does  not  essentially  change  in  appearance  (Fig.  2).  It  also  does 
not  indicate  the  composition  of  the  chemical  compound  formed. 

The  composition  of  the  compound  formed  is  indicated  by  the  break 
in  the  electrical  conductivity  isotherm  at  20*,  which  corresponds 
to  a  1 : 1  compound,  and  the  maximum  in  the  relative  temperature 
coefficient  curves  also  indicates  its  composition.  The  presence 


of  the  maximum  in  the  electrical  conductivity  isotherm  in  the  formic  acid  vicinity  apparently  should  be  ex¬ 
plained  by  electrolytic  dissociation  of  the  compound  formed. 


Thus,  the  compound  of  1 ;  1  composition  in  the  system  formic  acid  —  dimethylformamide  appears  in  the 
viscosity  and  electrical  conductivity  isotherms  and  also  in  the  curves  of  relative  temperature  coefficient  versus 
composition.  We  can  represent  the  reaction  of  dimethylformamide  with  formic  acid  in  the  following  way, 
starting  from  the  presence  of  a  hydrogen  bond  and  taking  into  consideration  the  electron-donor  properties  of  the 
nitrogen  of  dimethylformamide. 


TABLE  5 


Molecular  Weights  of  Mixtures  of  Formic  Acid  and  Dimethylformamide 


Composition  of 
dimethylform¬ 
amide— formic 

acid  mixture 

Molecular  weight 

average  for  simple 
mixture  (calculated) 

theoretical  for 

1 : 1  compound 
(calculated) 

average  for  1:1  mix¬ 
ture  of  dimethylform¬ 
amide  with  compound 
(calculated) 

cryoscopically 

determined 

1:1 

2:1 

59.5 

64.0 

119 

96.0 

111.85 

98.90 
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Fig.  2.  Molecular  volume  (v),  adduced 
electrical  conductivity  (x  tj  ),  tempera¬ 
ture  coefficient  of  electrical  conductivity 
(0),  and  temperature  coefficient  of  vis¬ 
cosity  (y  )  in  the  system  formic  acid  - 
dimethylformamide. 


CM3 

I 

0=CH— N  +  HCOOH  lit 

I 

GH3 

GH3 

I 

ilt  0=GH  — N  ....HOCOM 

I 

CHg 


Special  studies  have  shown  that  when  a  solution  of  formic 
acid  in  dimethylformamide  is  boiled,  the  acid  breaks  down  into 
water  and  carbon  monoxide.  In  view  of  this,  it  was  not  possi¬ 
ble  to  study  the  liquid -vapor  equilibrium  at  constant  pressure 
(760  mm)  for  this  system. 

The  presence  of  a  compound  of  dimethylformamide  with 
formic  acid  in  1:1  ratio  was  confirmed  by  cryoscopic  investi¬ 
gation  of  mixtures  of  dimethylformamide  with  formic  acid. 
Benzene  was  used  as  the  solvent.  The  results  of  these  deter¬ 
minations  are  given  in  Table  5. 

As  follows  from  the  data  on  Table  5,  the  molecular 
weights  of  the  1 : 1  and  1 :  2  mixtures  determined  by  the  cryo¬ 
scopic  method  are  close  to  the  molecular  weights  calculated 
theoretically  for  the  1:1  compound  and  its  mixture  with 
dimethylformamide,  and  differ  sharply  from  those  calculated 
for  a  simple  mixture  of  these  materials.  This  again  confirms 
the  existence  of  a  chemical  compound  of  dimethylformamide 
and  formic  acid  in  the  1 : 1  ratio. 


SUMMARY 

1.  The  density,  viscosity,  and  specific  electrical  con¬ 
ductivity  in  the  system  dimethylformamide  -  formic  acid  has 
been  investigated  at  20,  25,  80  and  100*. 


2.  The  isotherms  of  viscosity  and  electrical  conductivity,  the  curves  for  the  temperature  coefficients  of 
electrical  conductivity,  and  cryoscopic  measurements  of  molecular  weight  show  the  presence  in  the  system 
of  the  compound  HCOOH  •HCON(CH3)2. 
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THE  TERNARY  MUTUAL  SYSTEM  OF  THE  PROPIONATES  AND 
NITRATES  OF  SODIUM  AND  POTASSIUM 

O.  I.  Dmitrevskaia  and  N.  M.  Sokolov 


In  previously  investigated  systems  of  the  formates  and  nitrates  of  sodium  and  potassium  [1]  and  also  in 
the  system  of  the  acetates  and  nitrates  of  these  metals  [2,  3]  the  direction  of  the  reaction  conforms  with  the 
conventional  thermochemical  effect  of  the  reaction,  whereby  the  degree  of  irreversibility  in  the  acetate  system 
is  greater  than  in  the  formate  system.  The  system  considered  here  is  the  next  link  in  this  series.  Unfortunately, 
in  contrast  to  the  formates  and  acetates  the  propionates  have  been  little  studied  and  their  heats  of  formation  are 
unknown  [4].  Thus,  the  results  with  the  present  system  can  be  compared  only  in  the  light  of  the  effect  of  the 
magnitude  of  the  paraffin  portion  on  the  process  in  the  fused  materials. 

The  melting  points  and  the  presence  of  polymorphic  transformations  have  been  determined  for  the  nitrates 
by  a  number  of  investigators;  these  same  data  for  the  propionates  were  obtained  for  the  first  time  by  one  of  us. 

EXPERIMENTAL 

The  work  was  carried  out  by  the  visual  polytherm  method.  The  temperature  of  appearance  of  the  first 
crystals  was  determined  with  the  aid  of  a  nichrome-constantin  thermocouple.  The  salts  were  melted  in  glass 
test  tubes,  which  were  inserted  in  wider  tubes  to  ensure  uniform  heating.  For  vigorous  agitation,  glass  fiber 
stirrers  were  used.  The  freezing  points  of  the  following  substances  were  used  as  "bench  marks",  benzoic  acid 
(121.5*),  mannitol  (167*),  succinic  acid  (187*),  silver  nitrate  (208*),  tin  (231.5*),  potassium  nitrate  (337*), 
potassium  bichromate  (396*),  and  the  boiling  point  of  water  (100*). 

Commercial,  chemically  pure  preparations  of  sodium 
and  potassium  nitrates,  which  were  recrystallized,  were  used 
for  the  work.  To  prepare  the  propionates,  propionic  acid  was 
added  to  solutions  of  the  chemically  pure  bicarbonates,  first 
to  neutrality  and  then  in  small  excess.  Commercial  propionic 
acid  was  purified  by  distillation.  The  dry  salts  C2H5CC)ONa 
and  C2H5COOK  that  were  obtained  after  evaporation  were  puri¬ 
fied  by  recrystallization  from  butanol.  The  melting  points  of 
the  starting  salts  were:  KNOj  337*,  NaNO|  308*,  C2H6COOK 
365*,  C2H5COONa  298*.  Transformations  in  the  solid  state  were 
observed  for  all  the  salts:  KNO2  had  transformations  at  124*  and 
316*  [5,  6]:  NaNOj  at  275*  [6-8];  for  C2H5COONa  polymorphic 
transformations  in  the  solid  state  observed  at  77,  195,  217  and 
287*  [9]:  and  for  C2H5COOK  at  68*  [9]. 

All  compositions  are  given  in  mole  percent. 


Fig.  1.  Binary  system. 


Binary  Systems 

1.  The  system  NaN02  — KNO2  has  been  studied  by  many  authors  [10-14].  We  used  the  data  from  [14]. 
The  system  presents  a  continuous  series  of  solid  solutions  with  a  minimum  at  m.p.  223*  and  5Q°h  KNO2  (Fig.  1). 
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Fig.  2.  Diagonal  sections. 


2.  The  system  CjHsCOOK-KNOj  was  investigated 
for  the  first  time.  Two  branches  of  the  curve  intersect  at 
264"  and  6»7o  KNO,  (Table  1,  Fig.  1). 

3.  The  system  C2H6COONa  — €2^5^®®^  been  de- 
scribed  previously  [15J.  The  branches  of  the  melting  curve 
intersect  in  two  points  at  287*  and  SPjo  C2H6COOK  and  at  310* 
and  66^0  C2H5COOK.  In  this  system  a  compound  is  formed, 
with  the  probable  composition  2C2H6COONa  •  3C2H5CCX)K 
(Table  1,  Fig.  1). 

4.  The  system  C2H5C00Na-NaN08,  which  has  been 
studied  previously  [16],  presents  a  eutectic  system;  two 
branches  of  the  melting  curve  intersect  at  255*  and  56.570 
NaNOj  (Table  1,  Fig.  1). 


TABLE  1 


Binary  Systems 


CjHsCOONa— 

C,H,COOK 

CjHjCOONa 

-NaNO, 

CjHjCOOK 

-KNO, 

mole  % 

tempera- 

mole  7o 

tempera- 

mole 

tempera- 

CjHjCOOK 

[lire 

NaNO, 

ture 

KNO, 

ture 

0 

298° 

0 

298° 

0 

365° 

5 

292 

5 

294 

5 

360 

8 

287 

10 

291 

10 

354 

10 

294 

15 

287 

15 

348 

15 

303 

20 

284 

20 

341 

20 

307 

25 

282 

25 

335 

30 

310 

30 

280 

30 

328 

35 

315 

35 

276 

35 

321 

/i0 

316 

40 

273 

40 

310 

45 

317 

45 

269 

45 

300 

50 

317 

50 

264 

50 

292 

55 

318 

55 

258 

55 

281 

()0 

319 

56.5 

255 

60 

272 

65 

314 

60 

261 

62.5 

267 

66 

310 

65 

270 

65 

264 

70 

316 

75 

280 

87.5 

268 

75 

322 

85 

290 

70 

274 

85 

340 

95 

301 

75 

282 

90 

351 

100 

308 

80 

292 

95 

358 

85 

301 

100 

365 

90 

311 

100 

337 

Diagonal  Sections 

1.  Stable  diagonal  section  C2H5C00Na-KN02  (Table  2,  Fig.  2).  This  section  was  characterized  by  the 
presence  of  solid  solutions  and  a  minimum  melting  point  of  246*.  The  formation  of  solid  solutions  between  the 
stable  pair  of  salts  is  one  of  a  few  cases,  the  explanation  of  which  requires  further  investigation. 

2.  Unstable  diagonal  C2H5COOK—NaNC^.  The  melting  curve  has  three  crystallization  branches,  which 
intersect  in  two  points:  at  242*  and  307o  NaNOj  and  at  228*  and  77.57o  (Table  2,  Fig.  2). 


Melting  Diagram  of  Mutual  System 

From  the  results  of  the  investigation  of  the  binary  systems,  the  diagonals,  and  the  21  interior  sections 
(Fig.  3-6)  a  projection  was  constructed  of  the  curves  of  joint  crystallization  on  the  surface  of  the  polytherm  of 
the  binary  system  NaN02-KN02  (Fig.  7).  On  the  basis  of  these  data  the  position  of  the  triple  points  was  deter¬ 
mined  and  the  fields  of  crystallization  of  the  salts,  complexes,  and  solid  solutions  were  delimited.  The 
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mole 


Fig.  4.  Interior  sections  I-VI,  X!X  of  mutual 
system. 


projection  of  the  diagram  of  the  liquidus  of  the  ternary  mutual 
system  on  the  composition  square  with  isotherms  drawn  through 
20*  is  given  in  Figure  8. 

The  surface  of  the  liquidus  of  the  mutual  system  con¬ 
sists  of  the  field  of  compound  2C2H5COONa  *  SCjHsCOOK,  the 
field  of  QHsCOOK,  and  the  fields  of  the  solid  solutions.  The 
solid  solutions  Na,  K  II  NO3  have  a  tendency  to  break  down 
only  at  a  temperature  below  206*.  The  congruently  melting 
compound  2C2H5COONa  •3C2H5COOK,  which  is  formed  in  the 
binary  system  C2H5COONa-C2H5COOK,  decomposes  in  the 
mutual  system  and  terminates  its  existence  at  the  point  R. 

The  ternary  mutual  system  is  divided  by  the  stable  diagonal 
section  C2H5COONa-KNOs  into  two  phase  triangles. 

1.  C2H5C00Na-KN03-NaN0s  with  the  ternary  eutectic 
point  E^at  206"  and  11.5<7o  CzHjCOONa,  47.5'7o  KNOj,  41% 
NaNOj. 


m  ole  % 

Fig.  5.  Interior  sections  VII-XIII  of  mutual 
system. 


mole  % 


Fig.  6.  Interior  sections  XlV-XVni,  XX-XXI 
of  mutual  system. 


2.  C2H5C00Na-KN08-C2H5C00K,  in  which  there  is  a 
ternary  eutectic  point  £3  at  238*  and  13.5%  C2H5COONa,  37% 
KNOj,  49.5%  C2H5COOK  and  a  transition  point  R  at  250“  and 
40%  QHgCOONa.  15.5%  KNO,.  35.5%  C2H5COOK. 

The  system  investigated,  in  spite  of  the  presence  of 
complex  formation  on  the  side  C2H5COONa-C2H5COOK,  is 
related  to  the  irreversible-mutual  systems  with  a  stable 
diagonal. 

Comparison  of  the  results  obtained  with  the  data  of  the 
previously  studied  systems  Na,  K  II  HCOO,  NOs  [1]  and  Na, 

K  II  CHsCOO,  NO5  [2,  3]  makes  it  possible  to  deduce  the 
effect  of  the  paraffinic  portion  of  the  salt  on  the  processes 
taking  place  in  the  fusions.  Thus  if,  following  A.  I.  Palkin 
[17],  we  examine  the  same  stable  triangle,  that  of  the  sodium 
salt  of  the  fatty  acid  —  sodium  nitrate  -  potassium  nitrate, 
in  all  the  systems,  then  it  can  be  seen  that  the  field  of  the 
exchange  product,  the  sodium  salt  of  the  fatty  acid,  occupies 
an  ever  greater  area  on  the  surface  of  the  liquidus  as  the 
number  of  carbon  atoms  increases:  31.37%  in  the  system 
with  the  formates,  48.27%  in  the  system  with  the  acetates, 
and  approximately  61%  in  the  system  here  under  investigation. 
Consequently,  the  degree  of  irreversibility  increases  with  an 
increase  in  the  number  of  carbon  atoms. 

SUMMARY 

1.  The  ternary  mutual  system  Na,  K  ||  C2H5COO,  NQs 
has  been  studied. 

2.  The  binary  system  C2H5COOK-KNOS  has  been  studied 
for  the  first  time. 

3.  The  exchange  decomposition  reaction  predominates 
over  complex  formation  in  the  mutual  system. 

4.  The  formation  of  solid  solutions  on  the  stable  diagonal 
C2H5COONa  — KNO3  has  been  established,  which  is  contrary  to 
the  theory  of  isomorphism  and  therefore  requires  further  investi¬ 
gation. 


2952 


Fig.  7.  Projection  of  joint  crystallization  curves  of  mutual  system 
Na,  K  II  CjHsCOO,  NO,  on  the  side  NaNOj-KNOj. 


Fig.  8.  Projection  of  liquidus  surface  of  system  Na,  K  ||  C2H5COO, 
NO3  on  composition  square. 


5.  The  system  Na,  K  ||  CjHjCOO,  NOs  has  been  classified  as  irreversible  -  mutual  with  a  stable  diagonal. 

6.  The  effect  of  the  number  of  carbon  atoms  on  the  degree  of  irreversibility  of  the  exchange  reaction 
between  the  potassium  salt  of  the  fatty  acid  and  sodium  nitrate  has  been  ascertained. 
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POLYTHERM  OF  THE  TERNARY  SYSTEM  UREA  -CITRIC  ACID  -WATER 


V.  P.  Blidin  and  T.  G.  Golovanova 


A  study  of  the  reaction  of  urea  with  various  salts  and  acids  has  both  theoretical  and  practical  significance 
in  connection  with  the  preparation  of  mixed  fertilizers.  Urea  is  the  very  best  concentrated  nitrogen  fertilizer. 
Citric  acid  is  present  in  small  amounts  in  soils,  and  citric  acid  salts  play  an  important  physicochemical  role  in 
the  stabilization  of  colloidal  particles  of  mineral  and  organic  origin  in  the  soils.  They  also  improve  the  absorb¬ 
ing  capacity  of  the  soils  and  provide  some  degree  of  permanence  for  very  valuable  fertilizers. 

In  this  connection  we  established  as  our  goal  the  investigation  of  the  polytherm  of  the  ternary  system 
urea  -citric  acid-water  and  the  carrying  out  of  a  series  of  studies  on  the  reaction  of  urea  with  potassium, 
calcium,  and  ammonium  citrates  and  other  compounds. 

A  number  of  investigations  have  been  devoted  to  the  question  of  the  reaction  of  urea  with  other  materials 
[1-6].  We  studied  the  solubility  of  urea  in  the  presence  of  citric  acid  for  the  first  time. 


System  C6Hg07-H20 


C6Hs07 

Tempera¬ 

ture 

content 
(in  wt.  *7o) 

Bottom  Phase 

—  0.9° 

10.0 

—  1.7 

15.0 

-  2.5 

20.0 

—  3.2 

25.0 

—  4.3 

30.0 

Ice 

—  5.8 

34.0 

—  7.2 

38.0 

—  9.8 

42.5 

—10.6 

44.0 

—  12,4 

47.6 

—13.6 

48.9 

Ice  •  H2O 

—10.5 

50.6 

—  5.5 

51.9 

—  3.0 

4-  5.0 

52.8 

54.5 

C8Hg07  •  H2O 

-1-15.0 

57.5 

-1-20.0 

59.0 

According  to  data  in  the  literature  [2],  the  cryohydric  point  of  the  system  C0(NH2)2~H20  lies  at  —11.0*. 
This  corresponds  to  the  composition  32.9*70  urea  and  67.1*70  water.  In  the  urea  branch  of  the  crystallization  curve 
there  are  two  discontinuities  -  the  first  at  +1.1*,  corresponding  to  40.7*7o  urea,  and  the  second  at  24.4*,  corres¬ 
ponding  to  54.5<7o  urea.  Thus,  a-,  6  -,  and  y  -modifications  of  urea  exist. 

The  cryohydric  point  of  the  system  CeHj07-H20  (Table,  Fig.  1),  according  to  our  data,  corresponds  to 
-13.6*  and  48.9*7o  C6H,07. 
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Fig.  1.  Polytherm  of  C8H4(0H)(C00H)j-H20. 


Fig.  2.  Sections  of  ternary  system:  explanation  in 
the  text. 


EXPERIMENTAL 

Chemical  pure  compounds  were  used  for  the  work.  The  investigation  was  carried  out  by  the  visual  poly¬ 
therm  method,  which  consists  in  determining  the  disappearance  and  appearance  of  the  first  crystals  at  certain 
temperatures  fixed  by  observation.  The  accuracy  of  the  observations  was  ±  0.1*. 

Seven  interior  sections  were  studied  to  obtain  the  diagram  of  the  ternary  system.  These  sections  are 
shown  in  Fig.  2.  The  directions  of  the  sections  are  shown  in  Fig.  3. 

On  the  basis  of  the  data  from  the  sections  a  diagram  of  the  polytherm  was  constructed  (Fig.  3).  In  the 
diagram  we  see  the  field  of  crystallization  of  ice  tapering  in  the  direction  of  C4H|07,  and  the  unbounded  fields 
of  urea  and  citric  acid. 

In  the  system  there  is  one  triple  point  corresponding  to  35.8^o  COfNH^)*,  16.5 <7o  CgHjOy,  and  47.4‘5fc  HjO. 
The  melting  point  of  the  triple  eutectic  is  -14.5*. 
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Fig.  3.  Diagram  of  polytherm. 


The  a-,  6  and  y  -modifications  of  urea  were  not  observed  by  us  in  the  presence  of  citric  acid. 

SUMMARY 

1.  The  system  urea-citric  acid-water  has  been  investigated  by  the  visual  polytherm  method.  The 
absence  of  chemical  compounds  and  solid  solutions  has  been  established. 

2.  The  ternary  eutectic  point  has  been  determined,  corresponding  to  the  composition  35.8  %  CO(NH2)2, 
16.5*70  CsHiOt,  and  47.7<7o  HjO. 
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POLAROGRAPHIC  DETERMINATION  OF  NITRILES 

M.  I.  Bobrova  an.d  A.  N.  M  a  t  v  ee  va  -  Kud  a  sh  e  va 


The  present  work  is  a  continuation  of  that  begun  by  us  on  the  polarography  of  nitriles  [1].  The  objects 
of  the  investigations  were  the  nitriles  of  cinnamic  and  a-phenylcinnamic  acids,  the  dinitrile  of  fumaric  acid  • 
and  2,2' -azobisisobutyronitrile,  and  their  mixtures.  The  2,2’ -azobisisobutyronitrile  was  a  commercial  product 
with  a  stabilizer  added.  By  triple  recrystallization  from  hot  methyl  alcohol,  previously  purified,  a  product  was 
obtained  with  m.p.  101*.  The  nitrile  of  cinnamic  acid,  prepared  by  the  method  described  in  the  literature  [2], 
had  the  m.p.  254-256*  and  n*®D  1.5980.  The  nitrile  of  a-phenylcinnamic  acid  was  synthesized  by  a  method 
published  in  a  collection  of  papers  [3],  m.p.  86-88*.  The  dinitrile  of  fumaric  acid  melted  at  96*. 

EXPERIMENTAL 

Polarographing  was  carried  out  within  concentration  limits  from  1  to  10  mM/liter  on  a  M-7  polarograph 
with  a  mirror  galvanometer  having  a  sensitivity  of  150  mm/p  A.  As  the  background  electrolyte,  75  and  bO°Jo 
alcohol -water  solutions  of  0.14  N  lithium  chloride  were  used. 

The  measurements  were  mainly  carried  out  with  a  1/10  shunt. 
The  capillary  was  cylindrical  with  a  dropping  period  r  =  3  sec  and 
mass  of  the  mercury  drop  m  =  1.91  mg/sec,  m*/|  •  T^/j  =  1.83 
mg^/s  ‘sec’Vj  at  a  voltage  of  2.1  v. 

The  height  of  elevation  of  the  bulb  with  the  mercury  provided 
for  possible  tangential  movements  [4]. 

It  follows  from  an  examination  of  the  experimental  data 
that  the  reduction  of  the  nitriles  of  cinnamic  and  a-phenyl¬ 
cinnamic  acids  and  2,2'  -azobisisobutyronitrile  takes  place  in  one 
stage,  but  the  reduction  of  the  dinitrile  of  fumaric  acid  proceeds 
in  two  stages. 

It  should  be  noted  that  only  one  wave  was  observed  when 
we  previously  polarographed  the  dinitrile  of  fumaric  acid,  be¬ 
cause  a  very  dilute  solution  of  the  background  electrolyte  was 
used  [1]. 

For  the  first  stage  of  the  reduction  there  is  a  corresponding 
wave  with  a  half-wave  potential  Ejy^  =  “  1*30  v,  and  for  the 
second  stage  there  is  a  wave  with  Eiy^  =  -  2.2  v  (Fig.  1  and  2). 

Reduction  of  the  nitrile  of  a-phenylcinnamic  acid  proceeds 
with  more  difficulty  than  that  of  the  dinitrile  of  fumaric  acid,  and 
2,2’  -azobisisobutyronitrile,  as  indicated  by  the  more  negative 
value  of  the  half-wave  potential  of  this  nitrile,  namely,  -  1.94  v  in  0.14  N  solution  of  LiCl  in  50°]o  ethyl 
alcohol.  The  nitrile  of  cinnamic  acid  is  reduced  under  still  more  severe  conditions  than  the  nitrile  of  a-phenyl¬ 
cinnamic  acid.  This  follows  from  the  fact  that  the  half-wave  potential  of  the  nitrile  of  a-phenylcinnamic  acid 


•The  nitriles  named  were  synthesized  by  A.  Kh.  Khomenko. 


Fig.  1.  Polarograms  of  nitrile  of 
cinnamic  acid  (background  LiCl  in 
75%C2H50H);  Concentration  (in 
moles/liter):  1)  2.5 ‘lO"*;  2) 

5.0  •in'*:  7  5  •10'*:  10*10 
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<$1 


Name  of  compound 
and  formula 


Nitrile  of  cinnamic 
acid 

CeH5GH=GH-C=N 

Nitrile  of  a -phenyl- 
cinnamic  acid 
GeH5GH=G-G=N 

GeHs 


Nitrile  of  a-phenyl- 
cinnamic  acid 


Dinftrile  of  fumaric 
acid 

HG-G=N 
11(1:— G=N 


2 ,2  Azobisisobutyro- 
nitrile 

H3G  CH3  H3G  GH3 
N=G-t:-N=N  -G-G=N 


Solvent  and 
background 


O.IA  N  LiGl 


in  Tb  Vo 
G2H5OH 


0.14  N  LiGI 
in  75Vo 

C2H5OH 


0.14  N  LiGi 
in  50  Vo 

G2H5OH 


0.14  N  LiGi 
in  50  Vo 

G2II5OH 


0.14  N  LiGi 
in  50Vo 

G2H5OH 


Cone,  of 

compound 

(in  mM/1) 

< 
(in  V) 

C>0 

a 

;?3ai 

W  C/l 

p  :s  § 

U  XI  a 

0  0 

n  i^umoeroi 

electrons 

per  mole  of 
compound 

2.5 

— t.no 

9.8 

2.14 

1 

5.0 

-1.93 

19.0 

2.08 

7.5 

—1.97 

28.4 

2.07 

>  U.-lo 

10.0 

—1.97 

39.2 

2.14 

1 

2.0 

—1.83 

7.9 

2.17 

] 

3.0 

-1.85 

12.0 

2.18 

4.0 

—1.87 

16.1 

2.20 

5.0 

—1.88 

20.9 

2.22 

I 

1.0 

—1.91 

2.9 

1.60 

2.0 

—1.94 

5.9 

1.61 

3.0 

—1.96 

8.7 

1.60 

0.64 

4.50 

—1.97 

11.6 

1.60 

5.0 

—1.98 

14.5 

1.60 

—1.27 

4.65 

1.27 

\ 

—2.10 

6.20 

1.69 

3.0  { 

—1.30 

7.20 

1.31 

For  1st 

—2.16 

9.20 

1.68 

wave 

—1.31 

9.60 

1.31 

0.32 

—2.19 

12.30 

1.68 

5.0  j 

—1.32 

12.0 

1.31 

1 

—2.22 

1.5.30 

1.67 

For  2nd 

—1.3 

14.55 

1.31 

wave 

D.U  { 

—2.22 

18.30 

1.64 

0.38 

1.0 

—1.71 

3.0 

1.63 

2.0 

-1.75 

6.0 

1.63 

3.0 

—1.78 

9.1 

1.63 

n  Qf; 

4.0 

—1.81 

12.2 

1.64 

5.0 

—1.85 

L5.3 

1.64 

6.0 

—1.88 

18.2 

1.63 

•The  values  of  the  half-wave  potentials  (relative  to  a  saturated  calomel  electrode)  are 
given  without  correction  for  ir,  as  a  result  of  which  their  magnitude  increases  with  an 
increase  in  concentration.  A  correction  was  not  made  because  there  is  not  as  yet  the 
requisite  clarity  in  the  evaluation  of  the  resistance  of  the  working  electrolyzer  either  in 
our  data  or  that  in  the  literature  [5,  6]. 


in  75*70  ethyl  alcohol  is  -  1.85  v,  and  the  half-wave  potential  of  the  nitrile  of  cinnamic  acid  under  the  same 
conditions  is  -  1.95  v  (Table). 

In  all  instances  the  magnitude  of  the  limiting  diffusion  current  was  proportional  to  the  concentration  of 
the  nitrile,  as  indicated  by  the  calibration  line  (Fig.  3). 


From  the  wave  equation  based  on  the  graph  log  vs.(E)  (Fig.  4),  we  find  the  number  of  electrons 

expended  in  the  reduction  of  1  mole  of  nitrile  at  the  mercury  drop.  The  fractional  values  obtained  for  n  show 
the  irreversibility  of  the  reduction  process  occurring  at  the  mercury  drop. 


When  we  polarographed  mixtures  of  the  nitrile  of  ot-phenylcinnamic  acid,  the  dinitrile  of  fumaric  acid, 
and  2,2*  -azobisisobutyronitrile,  we  obtained  polarograms  with  diffusion  waves  corresponding  to  the  reduction 
of  each  of  the  components  (Fig.  5). 
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Fig.  2.  Polarograms  of  dinitrile  of  fumaric 
acid  (background  LiCl  in  50*^  CjHsOH); 
concentration  (in  moles/liter): 

1)  I-IO"*;  2)  3*10 ■*;  3)  4-10 
5)  5*10‘*.* 


12  3^56 


Fig.  3.  Graduation  lines;  1)  nitrile  of  a- 
phenylcinnamic  acid;  2)  dinitrile  of  fumaric 
acid  (1st  wave):  3)  same  (2nd  wave);  3)2,2’- 
azobisisobutyronitrile  (background  LiCl  in  50<7o 
C2H5OH). 


Fig.  4.  Logarithmic  line  for  nitrile  of  Fig.  5.  Polarograms  of  mixture  of  three  nitriles, 

a-phenylcinnamic  acid  (background  LiCl  concentration  1  •  10”*  mole/liter  (background 

in  TS^CjHgOH).  LiCl  in  50<9l)  C2H6OH);  1)  dinitrile  of  fumaric 

acid:  2)  azodinitrile  of  isobutyric  acid:  3) 
nitrile  of  a-phenylcinnamic  acid. 

All  of  the  polarographic  properties  inherent  in  each  material  individually  retained  their  values  in  the 

main. 

*  Number  4  omitted  in  Russian. 
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SUMMARY 


1.  Conditions  have  been  found  for  the  reduction  at  the  mercury  drop  of  the  nitrile  of  cinnamic  acid,  the 
nitrile  of  a-phenylcinnamic  acid,  the  dinitrile  of  fumaric  acid,  and  the  azodinitrile  of  isobutyric  acid  and  the 
main  polarographic  characteristics  of  these  compounds  have  been  determined. 

2.  The  direct  proportionality  between  the  value  of  the  limiting  diffusion  currents  and  the  concentration 
of  the  nitriles  named  above  has  been  established. 

3.  The  possibility  has  been  established  and  the  conditions  found  for  the  quantitative  determination  of 
mixtures  of  the  nitrile  of  a-phenylcinnamic  acid,  the  dinitrile  of  fumaric  acid,  and  2,2* -azobisisobutyronitrile. 
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CYCLIC  ESTERS  OF  ANTIMONOUS  ACID 


O.  D.  Dubro  Vina -Sa  moilova 


The  cyclic  esters  of  antimonous  acid  have  been  little  investigated. 

In  1932  D.  Clark  [1]  obtained  the  acid  chloride  of  the  ethylene  glycol  cyclic  ester  of  dithioantimonous 
acid  (2-chloro-l,3,2-dithiastibiolane)  and,  hence,  a  number  of  other  derivatives  of  this  acid.  Somewhat  later. 
Brown  and  Austin  [2]  synthetized  some  derivatives  of  2-hydroxybenzodioxastibiole. 

In  this  paper  we  present  some  results  on  the  synthesis  of  acid  chlorides  and  alkyl  esters  of  cyclic  esters  of 
antimonous  acid.  The  best  method  of  obtaining  the  acid  chlorides  was  by  exchange-esterification,  a  method 
which  we  used  before  for  the  preparation  of  dialkoxychlorostibines  [3].  By  the  interaction  of  equimolecular 
quantities  of  diisoamylchlorostibine  with  ethanediol,  propanediol  and  n-butane-l,3-diol  we  obtained  respectively 
2-chloro-l,3,2-dioxastibiolane,  2-chloro-4-methyl-l,3,2-dioxasiibiolane  and  2-chloro-l,3,2-dioxastibinane. 

I  I  /0-G- 

(iso-C5HjiO)2SbCl+HO— G-C— OH  — 2G5H,iOH- iso -f GISb(  | 

I  I  ^0-G- 

I 

These  were  white  crystalline  substances  which  rapidly  hydrolyzed  in  air  to  give  antimonous  oxychloride: 
they  decomposed  on  heating.  2-Chloro-4-methyl-l,3,2-dioxastibiolane  reacted  with  sodium  ethoxide  in 
alcohol  to  give  2-ethoxy-4-methyl-l,3,2-dioxastibiolane. 

/O— GHa 

G-HgOSb/  I  4-  NaGl 
^0— GH 
I 

GH3 

We  did  not  succeed  in  obtaining  2-ethoxy-l,3,2-dioxastibinane  in  a  pure  form,  since  it  decomposed  when 
heated  to  distill  it,  and  did  not  come  out  of  solution  when  attempts  were  made  to  recrystallize  it.  The  esters 
synthetized  are  shown  in  the  table. 


/O— GHg 

GlSb(  I  4-G2HBONa 

^O-GH-GHg 


EXPERIMENTAL 

Preparation  of  2-chloro-l,3,2-dioxastibiolane.  Diisoamylchlorostibine  (20.0  g)  was  placed  in  a  Wurtz 
flask,  and  3.8  g  of  ethanediol  was  added  slowly. 

The  mixture  was  heated  for  1  hour  on  a  water  bath.  Isoamyl  alcohol  was  distilled  off  under  reduced 
pressure  at  50-52*  (30  mm);  it  weighed  9.6  g  and  had  the  following  properties:  b.p.  131-132*,  d  0.8114. 

In  the  flask  there  remained  a  white  crystalline  mass,  which  decomposed  and  blackened  when  an  attempt  was 
made  to  distill  it.  The  white  product  was  soluble  in  ethyl  alcohol,  benzene  and  ether.  After  recrystallization 
from  ethyl  alcohol  and  drying  in  a  vacuum  desiccator  at  70-80*,  it  had  a  m.p.  of  190-194*  and  blackened  on 
melting.  It  hydrolyzed  in  air. 
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Melting 

point 

% 

Sb 

Formula  of  ester 

found 

calculated 

/O-CH, 

ClSb<;  1 

\O-CH2 

190—194® 

55.63 

56.05 

/O-CH2 

C\Sh(  1 

^0-CH— CH3 

^0-CH2 

ClSb 

\o-CH 

112—116 

52.05 

52.66 

160-165 

48.69 

49.22 

GII3 

/O— CH2 
C2H50Sb(  1 

\O-CH-CH3 

130-133 

50.06 

50.57 

Preparation  of  2-chloro-4-methyl-l,3,2-dioxastibiolane.  This  was  synthetized  from  20.5  g  of  diisoamyl- 
chlorostibine  and  7  g  of  propanediol  under  the  same  conditions  as  above. 

Preparation  of  2-chloro-l,3,2-dioxastibinane.  This  was  synthetized  from  16.4  g  of  diisoamylchlorostibine 
and  4.1  g  of  n-butane-l,3-diol  under  the  same  conditions  as  above. 

Preparation  of  2-ethoxy-4-methyl-l,3,2-dioxastibiolane.  A  solution  of  10.5  g  of  2-chloro-4-methyl- 
1,3,2-dioxastibiolane  in  30  ml  of  alcohol  was  added  from  a  dropping  funnel  (a  small  amount  of  heat  was  evolved) 
to  a  solution  of  sodium  ethoxide,  prepared  bydissolving  1  g  of  metallic  sodium  in  50  ml  of  ethyl  alcohol.  The 
mixture  was  then  heated  for  1.5  hours  on  a  boiling  water  bath.  The  sodium  chloride  formed  was  filtered  off, 
washed  with  alcohol  and  ether  and  dried;  yield  2.5  g  (calc.  2.5  g).  Qualitative  analysis  showed  sodium  and 
chlorine. 

Part  of  the  alcohol  was  distilled  off  from  the  filtrate,  and  the  remainder  was  allowed  to  stand  overnight. 
White,  needle-shaped  crystals  were  deposited.  These  were  recrystallized  from  ethyl  alcohol  and  dried  by  heat¬ 
ing  in  a  vacuum  desiccator.  The  m.p.  was  then  130-133*.  Qualitative  analysis  (Beilstein)  showed  the  absence 
of  chlorine. 

Preparation  of  2-ethoxy-l,3,2-dioxastibinane.  A  solution  of  9  g  of  2-chloro-l,3,2-dioxastibinane  in  30  ml 
of  alcohol  was  added  from  a  dropping  funnel  to  a  solution  of  sodium  ethoxide,  prepared  by  dissolving  0.84  g  of 
sodium  in  50  ml  of  ethyl  alcohol.  The  mixture  was  then  treated  as  above. 

Sodium  chloride  was  separated,  part  of  the  alcohol  was  distilled  off,  and  the  remainder  was  allowed  to 
stand  for  a  few  days.  A  small  amount  of  crystals  was  deposited.  Qualitative  analysis  (Beilstein)  showed  the 
absence  of  chlorine.  But  it  was  not  possible  to  obtain  a  pure  product  for  the  measurement  of  properties  and  for 
analysis. 

Hydrolysis  of  2-chloro-l,3,2-dioxastibiolane.  2-Chloro-l,3,2-dioxastibiolane  (6  g)  and  30  ml  of  water 
were  mixed  in  a  porcelain  beaker.  The  mixture  was  heated  for  4  hours  on  a  water  bath.  Water  was  added  to 
make  up  for  evaporation.  The  white  deposit  was  filtered  off  and  washed  with  water  and  with  alcohol  and  ether. 
The  weight  after  drying  was  4.3  g. 

Found  *70:  Sb  69.97.  SbOCl.  Calculated  70.29. 

Evaporation  of  the  filtrate  gave  1.1  g  of  a  viscous  liquid,  which  was  not  investigated  further. 
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SUMMARY 


1.  Some  acid  chlorides  of  cyclic  esters  of  antinionous  acid  have  been  synthetized  by  the  method  of  ex¬ 
change  esterification,  and  their  properties  have  been  investigated. 

2.  It  has  been  shown  that  these  esters  hydrolyze  to  form  antimonous  oxychloride. 

3.  It  has  been  found  that  alkyl  esters  of  the  cyclic  esters  of  antimonous  acid  can  be  synthetized  by  double 
decomposition  from  the  acid  chlorides  of  the  cyclic  esters  and  sodium  alkylate. 
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NEW  REGULARITIES  IN  THE  PHYSICOCHEMICAL  PROPERTIES 
OF  HYDROCARBONS 


) 


m.  HEATS  OF  CRYSTALLIZATION  OF  n-ALKANES 

B.  M.  Tatevskii 


It  was  shown  previously  [1,  2]  that,  for  each  group  of  alkanes  with  a  particular  form  of  branching  of  the 
carbon  chain,  such  properties  as  molecular  volume  and  refraction,  heat  of  formation  from  atoms  and  simple 
compounds,  heat  of  combustion,  heat  of  evaporation,  logarithm  of  vapor  pressure,  etc.,  vary  linearly  with  the 
number  of  n-carbon  atoms  in  the  alkane. 

In  this  paper  we  have  considered  the  question  of  similar  regularities  in  the  heats  of  crystallization  of 
alkanes.  Since  the  data  available  is  very  limited,  and  is  only  adequate  for  quantitative  analysis  in  the  case 
of  n-alkanes,  we  have  at  present  confined  our  considerations  to  these  substances. 

As  we  shall  see  below,  when  considering  regularities  in  heats  of  crystallization,  complications  arise  in 
connection  with  the  formation  of  a  solid  phase  which  are  absent  when  dealing  only  with  gaseous  or  liquid  phases. 
The  difficulty  is  that  various  crystalline  modifications  may  appear,  differing  either  in  the  packing  of  the 
molecules  in  the  crystalline  lattice  or  in  the  geometrical  shape  of  a  given  molecule  (rotational  isomerism)  in 
the  crystal.  It  is  obvious  that  simple  regularities  between  heat  of  crystallization  and  number  of  carbon  atoms 
in  the  molecule  can  exist  only  when  the  different  alkanes  crystallize  to  give  the  same  crystalline  form.  This 
is  an  essential  factor  when  looking  for  regularities  in  the  heats  of  crystallization  of  n-alkanes,  since  those  with 
even  and  uneven  numbers  of  carbon  atoms  in  the  molecule,  and  also  the  higher  and  lower  alkanes,  obviously 
crystallize  in  different  crystalline  forms. 

Figure  1  shows  the  relation  between  the  crystallizing  temperature  of  n-alkanes  and  the  number  of  carbon 
atoms  in  the  molecule.  It  is  clear  from  this  that  the  crystallizing  temperatures  of  n-alkanes,  with  even  and 
uneven  numbers  of  carbon  atoms,  lie  on  two  different  curves,  and  this  indicates  that  the  crystal  forms  are  different 
for  n-alkanes  with  even  and  odd  numbers  of  carbon  atoms.  Similar  curves,  but  less  clearly  defined  owing  to  the 
paucity  of  experimental  data,  were  obtained  for  2-methylalkanes. 

Consideration  showed  that,  even  within  each  group  of  n-alkanes  (odd  or  even  numbers  of  carbon  atoms), 
the  crystalline  modifications  formed  on  crystallization  of  the  liquid  were  different  for  alkanes  containing  differ¬ 
ent  numbers  of  carbon  atoms  in  the  molecule. 

Consider  first  the  n-alkanes  with  odd  numbers  of  carbon  atoms,  commencing  with  n-pentane.  For  the  two 
lowest  members  of  the  series  (n-pentane  and  n -heptane)  there  is  no  transition  point,  for  the  change  of  the  solid 
phase  into  another  crystalline  modification,  close  to  the  crystallizing  temperature.  But  for  the  odd  n-alkanes 
with  n  2:  9,  it  is  found  that,  slightly  below  the  crystallizing  temperature,  there  is  a  transition  point  for  the  change 
of  one  crystalline  form  (A)  into  another  (B).  Figure  2  shows  curves  for  the  crystallizing  temperatures  (tj^^yj^  ) 
and  transition  temperatures  (tj^gj^j  )  of  n-alkanes  with  odd  values  of  n. 

If  Ly^  is  the  heat  of  crystallization  of  the  liquid  into  modification  A,  and  L^g  is  the  heat  of  conversion  of 
form  A  into  form  B,  then  the  heat  of  crystallization  of  the  liquid  directly  into  form  B  will  be  • 

Lb  =  La  +  Lab-  (i) 

*  A  term  containing  the  specific  heats  of  the  two  phases  is  neglected,  since  t^ryst.  A  *trans.A-^  close 
together. 
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Fig.  1.  Variation  of  the  crystallizing 
temperature  (tcryst  ^  of  n-alkanes  with 
the  number  (n)  of  carbon  atoms  in  the 
molecule.  1)  n  even,  2)  n  odd. 


e 


Fig.  2.  Variation  of  the  crystallization 
temperature  )  (1)  and  the  trans¬ 

ition  temperature  (tjj.gj^j  )  (2)  for  n- 
alkanes  with  odd  values  of  n. 


It  is  obvious  that,  for  odd  alkanes  with  n  >  9,  linear 
relations  may  be  expected  between  and  n  and  between 
L0  and  n,  though,  in  general,  the  two  linear  relations  may 
be  different. 


=aA  +  Pa  *  « 

=  (2) 


Figure  3  shows  that  linear  relations  do  apply  for  n  >  0. 
It  is  also  evident  from  the  figure  that  the  observed  values  of 
the  heats  of  crystallization  of  liquid  n-pentane  and  n-heptane 
(n  <  9)  fall  on  the  line  relating  L5  and  n,  which  indicates 
that  these  hydrocarbons  crystallize  in  form  B  and  not  in  form 
A. 


Table  1  shows  values  of  a^,  6^  and  ag,  6g,  calcu¬ 
lated  from  the  experimental  data  [3];  Table  2  shows  the 
experimental  values  of  and  Lg  [3]  compared  with  those 
calculated  from  Equation  (2),  using  the  values  of  a^,  6^ 
and  ttg,  6g  given  in  Table  1. 

For  n-alkanes  with  values  of  n  >  20,  the  experimental 
values  of  and  Lg  are  probably  very  imprecise,  since  the 
measurements  were  made  on  samples  of  uncertain  purity. 

We  believe  the  values  calculated  from  Equation  (2)  to  be 
more  reliable.  The  value  of  La  for  n-heptadecane  is  also 
doubtful,  since  Lab  (sod  consequently  Lg)  have  not  been 
determined  for  this  hydrocarbon,  and  the  experimental  value 
of  Ly^  is  closer  to  the  calculated  Lg  than  to  the  calculated 
La-  Probably  the  experimental  result  was  an  average  between 
La  and  Lg,  or  a  value  closer  to  Lg. 

For  alkanes  with  even  values  of  n,  with  5  <  n  <  20, 
no  transition  points  have  been  observed  for  the  change  from 
one  crystalline  form  to  another,  during  crystallization  of  the 
liquid.  But  they  have  been  observed  when  n<  5  or  >  20 ,  with 
slightly  below  tj,j.y5(  (Fig, 4).  Probably  all  the  liquid  n-alkanes 
with  5  <  n<  20  crystallize  into  the  same  crystalline  modifica¬ 
tion  ( C),  There  should  be  a  linear  relation  between  n  and  the 
heat  ofcrystallization,Lc,ofthis  modification  for  5  <  n<  20. 


Fig.  3.  Variation  of  heats  of  crystallization 
of  n-alkanes  with  odd  values  of  n  for  crys¬ 
talline  modifications  A  and  B. 


7/0  —  ac  -j-  Pc  •  (3) 


Figure  5  shows  that  there  is  such  a  linear  relation.  For 
the  higher  alkanes  with  even  values  of  n  >  20,  which  can 
exist  in  the  solid  phase  in  two  crystalline  forms  (the  second 
form  is  called  D),  the  experimental  values  [3]  of  L^;  and 
Lj)  are  clearly  very  imprecise,  since  they  were  obtained  with 
samples  of  unknown  purity,  and  showed  no  regular  trend.  For 
this  reason,  heats  of  crystallization  L'  =  Lgjyjt  and  L”  = 
^cryst  ^trans  shown  in  Table  2  for  even  values  of 

n  >  20.  For  n-butane,  L’  =  Lcryst  +  Ltrans  satisfactorily 
expressed  by  Equation  (3),  so  that  it  appears  that  it  is  modifi¬ 
cation  C  which  exists  below  ■. 
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TABLE  1 

Values  of  the  Constants  a  and  6  (kcal/mole)  for  Calculating  Heats  of  Crystallization  of 
n-Alkanes  into  Different  Crystalline  Forms 


L 

A 

L 

B 

L 

C 

a 

P 

a 

3 

a 

P 

n- Alkanes 
(n  odd) 

n“  Alkanes 
(n  even) 

—2349 

845 

—3125 

762 

-2170 

917 

TABLE  2 

Experimental  [3]  and  Calculated  (Equations  (2)  and  (3))  Values  of  Heats  of  Crystallization 
(kcal/mole)  of  n-Alkanes  into  Different  Crystalline  Modifications. 


n-  Alkanes 
(n  odd) 

n- Alkanes 
(n  even) 

Experi¬ 

mental 

Calcu¬ 

lated 

Experi¬ 

mental 

Calcu¬ 

lated 

Experi¬ 

mental 

Calcu¬ 

lated 

n- Pentane 

2011 

1876 

n- Butane 

1608 

1498 

n- Heptane 

3356 

3586 

— 

— 

n- Hexane 

3126 

3332 

n- Nonane 

5198 

5256 

3697 

3733 

n- Octane 

4957 

5166 

n- Undecane 

6940 

6946 

5301 

5257 

n- Decane 

6863 

7000 

n- Tridecane 

8643 

8636 

6812 

6781 

n-Dodecane 

8804 

8834 

n-Pentadecane 

10459 

10326 

8268 

8305 

n-Tetradecane 

10772 

10668 

n-Heptadecane 

12016 

11400(?) 

9829 

n-Hexadecane 

12753 

12502 

n-  Nonadecane 

— 

13703 

— 

11353 

n-Octadecane 

14450 

14336 

n-Heneicosane 

— 

15396 

16900  (?) 

12877 

n-Eicosane 

— 

16170 

n-Tricosane 

24800  (?) 

17086 

19400(?) 

14401 

n-Docasane 

— 

18004 

n-Pentacosane 

— 

18776 

18890  (?) 

15925 

n-Tetracosane 

— 

19838 

n-Heptacosane 

— 

20466 

— 

17449 

n-Hexacosane 

— 

21672 

n-  Nonacosane 

— 

22156 

— 

18973 

n-Octacosane 

— 

23506 

n-Triacontane 

— 

25340 

r 
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Fig.  4.  Variation  of  the  crystallization 
temperature,  tpjyjj  (1)  and  the  transition 
temperature,  ttrans.  n-alkanes  with 

even  values  of  n. 


Fig.  5.  Variation  of  the  heat  of  crys¬ 
tallization  of  n-alkanes  with  even  values 
of  n  for  crystalline  modification  C. 
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Table  1  gives  the  values  of  and  6(j  calculated  from  the  experimental  data,  and  Table  2  shows  the 
experimental  and  calculated  values  of  Lc.  For  n  >  20,  we  think  that  the  calculated  values  of  are  more 
reliable  than  the  experimental  values  of  L",  which  must  obviously  be  interpreted  as  Lc* 

SUMMARY 

1.  The  variation  of  the  heat  of  crystallization  of  n-alkanes  as  a  function  of  the  number  (n)  of  carbon 
atoms  in  the  molecule  has  been  considered. 

2.  It  has  been  shown  that  the  heats  of  crystallization  of  the  lower  members  of  the  n-alkane  series  are 
linear  functions  of  n,  but  the  functions  are  different  for  odd  and  even  values  of  n,  because  the  corresponding 
hydrocarbons  crystallize  in  different  crystalline  forms. 
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THE  PROTON  MOBILITY  OF  HYDROGEN  ATOMS  IN  AROMATIC 


HYDROCARBONS  WITH  ALIPHATIC  SUBSTITUENTS 

A.  I.  Shatenshtein  and  E.  A.  Izrailevich 

The  proton  mobility  of  hydrogen  atoms  means  their  ability  to  interchange  with  deuterium  or  tritium 
under  the  influence  of  bases  enriched  with  these  isotopes,  to  be  replaced  by  alkali  metals,  and  to  take  part 
in  such  organic  reactions  as  condensation,  etc.  The  degree  of  mobility  depends,  not  only  on  the  structure  of 
the  compound  containing  the  hydrogen  atoms,  but  also  on  the  substances  with  which  they  interact  and  the 
conditions  under  which  they  do  so.  There  are  therefore,  differences  in  sensitivity  between  the  various  methods 
of  detecting  mobility.  One  of  the  most  sensitive  methods  is  metallization,  but  the  replacement  of  a  hydrogen 
atom  by  alkali  metal  so  alters  the  reactivity  of  a  substance  that  successive  metallization  becomes  more  diffi¬ 
cult,  even  if  there  is  an  equivalent  C-H  bond  in  the  starting  material.  The  method  of  isotope  exchange 
differs,  and  this  is  an  advantage,  in  that  all  the  hydrogen  atoms  subjected  to  the  experimental  conditions  can 
take  part  in  the  reaction.  The  sensitivity  of  exchange  reactions  is  high  enough  for  strongly  protophilic  reagents: 
we  therefore,  in  studying  the  proton  mobility  of  hydrogen  atoms  in  aromatic  compounds  with  aliphatic  substituents 
employed  the  isotope  method,  using  a  solution  of  potassium  amide  in  liquid  deuteroammonia  as  deuterating 
agent [1-5]. 

EXPERIMENTAL 

Preparations.  Alkylbenzenes  were  purified  by  repeated  treatment  with  sulfuric  acid,  and  were  then  washed 
dried  and  distilled  up  a  column.  1)  C2H8C6H5  ,  b.p.  60.1-60.2*  at  55  mm.  n®D  1.4958.  2)  n-CjHjCsHs, 
b.p.  159.*  3)  Iso-CsHtCsHs,  b.p.  72.2-72.3*  at  52.5  mm,  n®D  1.4914.  4)  n-C4H,C6H5,  b.p.  89.3-89.4*  at 

33.8  mm,  n*®D  1.4892.  5)  tert-C4H9C8H5;  product  I  was  synthetized  by  I.  P.  Tsukervanik  from  CgHj  and  C4H,C1 
with  AICI3  as  catalyst,  n**D  1.4927;  product  II  was  synthetized  from  benzene  and  isobutylene  with  HsP04’BFs 
as  catalyst,  b.p.  82.3-82.5*  at  45-47  mm,  n“D  1.4927.  6)  CgHuCeHs,  b.p.  126.8-126.9*,  n®D  1.4872,  d*’4 
0.8576.  7)  CgHsfCHjjaCeHs,  m.p.  52*.  8)  CsHsfCHj), CgHs,  n“D  1.5560  .  9)  C6H5(CH2)4C6H5,  m.p.  52*. 

10)  (CgHs >2 CHCH3,  b.p.  268-270*,  n®D  1.5760.  11)  (C6H5)3CCH3;  product  I  was  synthetized  by  the  action 
of  CH3I  on  (C5H5)3CNa  in  liquid  ammonia  [6]  and  recrystallized  several  times  from  alcohol,  m.p.  94.5*; 
product  n  was  synthetized  by  E.  N.  lurygina  by  the  Grignard  reaction,  from  ( CjHs  )3  CBr  and  CH3I,  and  recrys¬ 
tallized  from  alcohol,  m.p.  94.2-94.7*. 

Experimental  technique.  The  experiments  were  performed  using  the  accepted  laboratory  method  [7]. 

Glass  ampules  were  used  at  room  temperature  and  stainless  steel  ampules  at  100-120*.  Some  control  experiments 
(marked  "glass"  in  the  table)  were  carried  out  at  120*  in  glass  ampules.  These  were  sealed  and  placed  in  a  steel 
vessel  containing  liquid  ammonia,  to  compensate  for  the  pressure  developed.  Isotopic  analysis  was  carried  out 
by  the  drop  method  [8].  The  substance  was  redistilled  under  reduced  pressure  before  combustion,  and  its  physical 
constants  checked  (n®D,  b.p.  or  m.p.).  The  constants  did  not  change. 

Outward  appearance  of  solutions.  C8H8(CH2)4C8H6  and  (C8H5)3CCH3  were  only  slightly  soluble  in  liquid 
ammonia  at  room  temperature.  Their  solubilities  at  100-120*  were  unknown.  The  other  substances  were  in 
solution  at  the  time  of  the  tests.  The  colors  of  the  solutions  at  the  end  of  the  experiments  were  as  follows: 

1, 3, 4,5  —  yellow;  6  —  orange;  2— brown;  7-10  —  red. 
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Substance 


Substance 


Tempera  °  | 


G8H5GH2CH3 

HAr  =5,  H.  =  2,  H|,  =  3 


2  QjHsCHjCHjCHa 

Haf  =5,  H,  =  2,  Hp  =  2 


3  CeH6CH(CH3)j 

HAr  =5,  H,  =  l,  Hj,  =  6 


4  CeHsGHaCHjCHaCHa 

HAr  =5,H,  =  2.  H^  =  2,H^  =  2 


G,H5G(GH3)3 

Hat  =5,  IL  =  0,  H,  =  9 


6  .  GjHfiGHjGHjGHjGHjGHaGHa 

Hat  =5,  H,  =  2,H^  =  2,H^  =  2 

7  CJH5GH2GH2G3H5 
HAr  =10,  H,=4 

8  GeH6GH2GH2GH2CeH5  I 

HAr  =10.  H.  =  4.  H^  =  2  | 

9  G8H6GH2GH2GH2GH2GeH5  I 

Hat  =10,  H.  =  4.  H,  =  4  ' 


V.  t. 

V.  t. 

100  e 
100 
100 
100 

100-120 

100-120 

v.t.(I) 

v.t.(I) 

v.t.(I) 

v.t.(ll) 

v.t.(I) 

100(1) 

100(1) 

100(1) 

100(11) 

100(11) 

100(11) 

100(11) 

100 

100 

100-120 

120 

120 


0.8 

4.88 

3.21 

0.8 

6.00 

4.04 

0.8 

6.00 

4.28 

0.7 

4.73 

4.03 

0.7 

4.73 

4.32 

0.7 

4.73 

4.32 

0.8 

4.10 

3.76 

0.8 

4.10 

3.72 

0.8 

5.00 

2.56 

0.8 

5.21 

2.59 

0.8 

5.00 

2.49 

0.8 

5.21 

2.80 

0.8 

5.21 

3.21 

0.8 

5.00 

3.34 

0.8 

5.00 

3.16 

0.8 

4.88 

2.33 

0.8 

4.88 

2.36 

0.8 

4.10 

2.72 

0.8 

4.10 

2.63 

0.8 

4.10 

3.66 

0.8 

4.10 

3.62 

0.8 

4.88 

2.24 

0.8 

4.88 

2.30 

0.8 

4.10 

2.07 

0.8 

4.10- 

2.24 

0.8 

4.10 

2.33 

0.8 

4.10 

2.33 

0.8 

4.42 

3.08 

0.8 

4.42 

3.25 

0.8 

4.88 

1.62 

0.06 

4.60 

1.62 

0.4 

5.34 

1.77 

0.02 

5.21 

1.75 

0.4 

5.00 

1.86 

0.8 

5.00 

1.94 

0.8 

4.10 

2.56 

0.8 

4.10 

3.30 

0.8 

4.10 

3.30 

0.8 

4.10 

3.42 

0.8 

5.00 

3.72 

0.8 

5.00 

3.98 

2.0 

4.42 

1.66 

2.0 

4.42 

1.73 

0.8 

6.00 

312 

0.8 

6.00 

3.42 

0.8 

6.00 

3.66 

6.77  7.4 

6.93  7.5 

7.31  7.9 

9.00  9.7 

9.70  10.3 
9./0  10.4 

9.50  10.2 
9.56  10.3 

6.30  6.9 

6.11  6.7 

6.07  6.6 

6.50  7.0 

7.50  8.1 

8.22  8.8 

7.9/^  8.5 

5.82  6.3 
5.86  6.4 
8.23  8.8 

8.03  8.6 

11.43  12.2 

11.30  12.1 


200  0.02  4.25  4.10  12.90 


130  0.8  6.00  4.73  13.01  14.1 

110  0.8  6.00  5.44  15.17  16.3 

160  0.8  6.00  5.52  15.15  16.3 

180  0.8  5.00  3..52  12.90  13.9 

HO  0.8  5.21  3.57  1  2.60  13.6 

200  0.8  5.00  3.48  12.73  13.7 
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(Table  continued) 


The  experimental  results  are  shown  in  the  table.  The  symbols  have  the  following  meanings:  n  is  the 
number  of  atoms  of  hydrogen  replaced  by  deuterium  in  the  alkylbenzene  and  phenylalkane  molecules:  m^/mj 
is  the  ratio  of  the  numbers  of  molecules  of  ammonia  and  substance:  c^»  and  Cj  are  the  deuterium  concentra¬ 
tions  in  the  water  obtained  by  combustion  of  the  ammonia  before  the  experiment  and  of  the  substance  after 
the  experiment;  a  is  the  distribution  coefficient  of  deuterium  (a2o*  =  0.92;  ajjj*  =  0.93);  glass  refers  to  the 
control  tests  in  glass  ampules;  r.t.  is  room  temperature;  I  and  II  are  the  products  obtained  by  different  methods. 

DISCUSSION  OF  RESULTS 

The  reaction  of  metallization  of  organic  compounds  was  discovered  by  Shorygin  [9].  In  the  alkylbenzenes 
it  is  the  hydrogen  atoms  attached  to  the  a-carbon  atom  of  the  alkyl  group  which  are  replaced  by  alkali  metal 
atoms.  It  is  also  primarily  the  hydrogen  atoms  in  the  a  position  (Ha)  which  take  part  in  the  isotopic  exchange 
reaction.  At  relatively  low  concentrations  of  amide,  and  at  room  temperature,  there  is  also  partial  exchange 
with  the  hydrogen  atoms  of  the  aromatic  C-H  bonds  (Hy^j.)  (it  is  sometimes  necessary  to  heat  the  solution). 

In  methylbenzenes  the  following  numbers  of  hydrogen  atoms  participate  in  exchange  [3,  5]:  CgHsCHs  -  8, 
CeH4(CHj)2- 10,  C6Hs(CH3)j-12,  CgHj ( CH, )4  -  14,  C6H(CH8)5  -  16,  C,(CH8)6  -  18,  and  in  methylnaph- 
thalenes,  CjbHyCHs  -  10,  i.  e.,  The  same  is  found  to  be  true  for  the  isotopic  exchange  of  hydrogen 

in  alkylbenzenes,  where  the  number  of  exchangeable  hydrogen  atoms  depends  on  the  nature  of  the  substituent 
alkyl  group.  With  a  primary  alkyl  substituent  group,  the  number  of  exchangeable  hydrogen  atoms  is  7  (C2H5C3H5, 
n-C8H7C8H5,  n-C4H9CeH5).  For  secondary  alkyl  substituents,  this  number  drops  to  6  (CeH5CH(CH8 )2).  And  with 
a  tertiary  alkyl  group,  as  in  CgH5C(CH8)j  there  are  only  5  exchangeable  hydrogen  atoms.  In  the  case  of  phenyl- 
alkanes,  the  number  of  hydrogen  atoms  exchangeable  with  deuterium  is  also  +  H^^  :  C6H5CH2C6H6  “  12, 
C6H5(CH2)2C6H5,  CeHs(CH2)3  CeHs  and  C6H5(CH2)4C6H5  -  14,  (C6H5)3  CH  -  16.  Similar  results  [3,  4]  were 
obtained  for  fluorene  -  10,  and  for  partially  hydrogenated  hydrocarbons:  hydrindene  and  tetralin  —  8,  phenyl- 
cyclohexane  ~  6. 

These  rules  can  be  used  for  determining  the  branching  of  alkyl  groups. 

In  prolonged  experiments,  with  some  alkylbenzenes  at  room  temperature,  n  may  slightly  exceed  the  sum 
of  We  suggest  that  this  is  due  to  the  commencement  of  exchange  by  the  6  -hydrogen  atoms  (Hg  ). 

Consequently,  at  higher  temperatures  up  to  100-120*  and  at  high  concentrations  of  potassium  amide,  the  number 
of  hydrogen  atoms  participating  in  exchange  is:  n-C3H7CgH5  -  9,  C2H5C3H6  -  10,  iso-C3H7C3H5  —  12,  C(CH3)3C3H5  — 
13,  i.  e.,  +  Hjjj  +  Hg  (for  tert-C4H9C3H6  this  sum  is  14). 

Even  more  profound  exchange  has  been  noted,  up  to  12  H  atoms  for  n-butyl-  and  n-hexylbenzenes. 

The  control  experiments,  carried  out  at  the  higher  temperatures  in  glass  ampules,  showed  that  the  exchange 
of  6 -hydrogen  atoms  was  not  catalyzed  by  the  stainless  steel,  but  was  due  to  the  protophilic  nature  of  the  solu¬ 
tion  of  potassium  amide  in  liquid  ammonia. 
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It  may  be  considered  whether  the  isotopic  exchange  of  a  large  number  of  hydrogen  atoms  is  the  result 
of  the  influence  of  the  aromatic  ring  on  the  mobility  of  hydrogen  atoms  at  the  further  end  of  the  alkyl  group. 

But  it  is  not  possible  to  answer  this  question  with  certainty,  since  the  exchange  occurs  under  severe  conditions 
approaching  those  for  hydrogen  exchange  in  saturated  hydrocarbons. 

Thus,  when  heated  with  a  3N  solution  of  the  amide,  for  1300  hours  at  110-120",  heptane  and  hexane 
exchange  about  3  atoms  of  hydrogen  [10,  11]. 

All  the  same,  we  reckon  that  the  mobility  of  the  6  -atoms  is  definitely  affected  by  the  aromatic  ring. 

Isotopic  exchange  occur  considerably  more  rapidly  with  mixed  aliphatic -aromatic  compounds  than  with  alkanes. 
For  example,  complete  exchange  of  hydrogen  takes  place  with  ethylbenzene,  after  50  hours  at  120",  in  a  0.7  N 
solution  of  amide.  In  addition,  the  mobility  of  the  hydrogen  atoms  of  the  C— H  linkages  in  the  exposition  in¬ 
creases  with  increasing  number  of  aromatic  rings.  This  is  evident  from  the  fact  that,  in  spite  of  the  poor  solu¬ 
bility  of  triphenylmethylmethane,  (C(H()3CCl^,  in  liquid  ammonia,  complete  exchange  of  the  hydrogen  atoms 
in  this  molecule  is  attained  after  a  time  when  the  exchange  of  6  -atoms  in  tert-butylbenzene,  CgHsCfCHg)*,  is 
only  beginning.  In  sym-diphenylpropane  all  the  hydrogen  atoms  will  exchange  with  deuterium,  but,  in  sym- 
diphenylbutane,  only  the  +  Hct  atoms  do  so.  It  is  true  that  the  second  compound  is  less  soluble. 

It  is  known  from  the  literature  that  the  aromatic  ring  and  the  6“C  — H  linkages  of  the  aliphatic  substituent 
affect  each  other's  reactivities:  thus  the  rate  of  bromination  of  the  alkylbenzene  depends  on  the  number  of  C-H 
linkages  in  the  alkyl  group,  in  the  6  -  as  well  as  in  the  a-position  [12]. 

This  paper  gives  only  the  overall  characteristics  of  the  proton  mobility  of  hydrogen  atoms  in  mixed  aliphatic - 
aromatic  hydrocarbons.  We  shall  subsequently  investigate,  quantitatively,  the  relative  mobilities  of  the  hydrogen 
atoms  in  the  CHj— ,  CHj<;^and  CH^groups  and  in  the  aromatic  ring  of  monoalkylbenzenes. 

On  the  basis  of  the  data  in  this  paper  on  the  mobilities  of  hydrogen  atoms  in  mixed  aliphatic -aromatic 
hydrocarbons,  it  was  possible  to  obtain  a  large  number  of  their  deuteroderivatives.  We  prepared  some  of 
these  and  used  them  for  spectroscopic  measurements  [5]. 

Our  thanks  are  due  to  P.  N.  Manochkina  and  M.  I.  Rikhter  for  assistance,  and  to  A.L.  Liberman,  E.  N. 
lurygina,  I.  P.  Tsukervanik  and  la.  M.  Paushkin  for  a  number  of  preparations. 

SUMMARY 

1.  In  the  case  of  aromatic  hydrocarbons  with  aliphatic  substituents  (alkylbenzenes,  phenylalkanes,  etc.) 
the  hydrogen  atoms  of  the  aromatic  ring,  and  those  linked  to  the  a -carbon  atom  of  the  substituent,  will  ex¬ 
change  with  deuterium  (when  catalyzed  by  potassium  amide  in  liquid  deuteroammonia). 

2.  Hydrogen  atoms,  linked  to  6 -carbon  atoms  of  the  substituent,  show  considerably  less  mobility,  and, 
if  they  do  participate  in  hydrogen  exchange,  require  higher  temperatures  and  concentrations  of  amide  and  a 
longer  time. 
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BENZ  (  cd  )INDOLINE  DERIVATIVES 


n.  6-BENZOYLBENZ(cd)INDOLINE-2-ONE,  l-METHYL-6-BENZOYLBENZ(cd)INDOLINE- 
2-ONE  AND  THE  PRODUCTS  OF  THEIR  CYCLIZATION 

N.  S.  Dokunikhin  and  L.  A.  Gaeva 


Similar  to  the  known  Fritz  method  of  obtaining  phenolic  ethers  is  the  preparation  of  aminosubstituted 
ketones  from  N-acyl  derivatives  of  aromatic  amines,  under  the  influence  of  aluminum  chloride;  for  instance 
4-aminoacetophenone  is  obtained  from  acetanilide  [1].  Migration  of  the  acyl  group  to  the  aromatic  nucleus  has 
been  described  in  the  case  of  N-ethylacetanilide  [2],  and  the  rearrangement  of  phthalanil  is  known  [3],  A  similar 
rearrangement  might  be  expected  with  N-'benzoylstyryl.  But  none  was  observed  when  this  substance  was 
fused  with  a  mixture  of  AlClj  and  NaCl  at  180" ,  and  tarry  matter  was  formed  at  higher  temperatures.  The 
acylation  of  naphthostyryl  in  the  aromatic  ring,  by  the  Friedel  and  Crafts  method,  has  not  be  described.  By 
the  action  of  benzoyl  chloride  and  AICI3  on  naphthostyryl  we  obtained  6-benzoylbenz(cd)  indoline-2-one  (I) 
(using  the  numbering  of  [4]).  Its  structure  was  shown  by  its  conversion  to  the  already  known  [5]  4-benzoyl- 1- 
methoxynaphthalene  (VII).  When  (I)  was  heated  with  aqueous  alkali,  a  salt  of  8-amino-5-benzoylnaphthalene- 
1-carboxylic  acid  (II)  was  obtained.  When  the  diazo  derivative  (III)  of  this  was  boiled  with  water,  6-benzoyl- 
perinaphthofuran-2-one  (IV)  was  formed  at  once.  The  furan  ring  was  easily  split  open  by  alkali,  and  the  alkaline 
solution  of  8-hydroxy-5-benzoylnaphthalene-l-carboxylic  acid  reacted  with  dimethyl  sulfate  to  form  the  methyl 
ester  of  8-methoxy-5-benzoylnaphthalene-l-carboxylic  acid  (V).  Hydrolysis  of  this  ester  gave  the  free  acid 
(VI),  and  decarboxylation  of  this  gave  (VII).  This  latter  was  identical’ with  the  substance  synthetized  from  the 
methyl  ether  of  1-naphthol  and  benzoyl  chloride,  whose  structure  is  well  established  [5]. 


COCjHs  COCgHs 


(I)  (II) 


COC5H5  COCfiHs  COCgHs 


COCeHj 


(IV) 


(V)  (W)  (VII) 


Ring  closure,  by  the  method  of  Scholl,  made  it  possible  to  proceed  from  a-benzoyl  derivatives  of 
naphthalene  to  benzanthrone  [6].  There  was  difficulty  in  converting  (I)  into  the  lactam  of  4-aminobenzanthrone 
3-carboxylic  acid  (Vni).  On  fusion  with  a  mixture  of  AlCls  and  NaCl,  particularly  when  there  was  oxidation  by 
oxygen  or  aromatic  dinitro  compounds,  chlorination  accompanied  ring  closure.  The  formation  of  chloro 


2974 


derivatives  from  aromatic  amines  under  these  conditions  is  known  [7].  Attempts  to  obtain  VIII,  by  ring 
closure  with  elimination  of  HCl  from  6-(2’ -chlorobenzoyl)-benz(cd)  indoline-2-one,  did  not  give  a  positive 
result.  The  latter  was  synthetized  from  o-chlorobenzoyl  chloride  and  naphthostyryl.  It  was  possible  to  obtain 
halogen  derivatives  of  (Vin)  free  from  impurities  under  conditions  such  that  I  was  only  partially  converted, 
followed  by  separation  of  the  mixture  by  crystallization.  The  lactam  of  4-aminobenzanthrone-3-carboxylic 
acid  (VIII)  has  a  structure  analogous  to  that  of  the  golden  yellow  vat  dyestuff  -  dibenzpyrene  quinone(IX). 
The  presence  of  two  carbonyl  groups,  joined  to' the  system  by  conjugated  bonds,  implied  that,  as  with  dibenz¬ 
pyrene  quinone,  it  should  be  possible  to  obtain  a  soluble  reduced  form  (vat)  with  an  alkaline  solution  of  sodium 
hydrosulfite.  But  it  was  found  that  VIII  did  not  give  a  vat,  because,  under  the  action  of  alkali,  it  was  converted 
into  a  salt  of  the  isomeric  form  (X),  which  contained  only  one  C  =  0  group. 


This  isomerization  cannot  occur  in  lactam  derivatives  with  a  substituent  on  the  nitrogen  atom,  and  com¬ 
pounds  of  the  type  Xni  have  been  described  as  vat  dyestuffs  [8].  The  action  of  the  methyl  ester  of  benzenesul- 
fonic  acid  on  I  gave  l-methyl-6-benzoylbenz(cd) indoline-2-one (XI),  and  this,  on  ring  closure  with  AlCls  and 
NaCl,  gave  the  partially  chlorinated  lactam  of  4-methylaminobenzanthrone-3-carboxylic  acid  (XII).  This  com¬ 
pound  gave  a  red  vat  in  jm  alkaline  solution  of  sodium  hydrosulfite,  and  dyed  cellulose  fiber  a  yellow  color,  but 
its  affinity  for  the  fiber  was  insufficient  for  practical  purposes. 

EXPERIMENTAL 

6-Benzoylbenz(cd )  indoline-2-one.  Aluminum  chloride  (30.0  g),  a  little  at  a  time,  and  then  15.0  g  of 
naphthostyryl,  were  added  to  20.0  g  of  benzoyl  chloride.  The  temperature  was  not  allowed  to  exceed  90*.  The 
mixture  was  stirred  at  90®  for  5  hours,  by  which  time  it  had  hardened,  and  stirring  was  discontinued.  The  product 
was  placed  in  water,  acidified  with  HCl  and  filtered,  and  washed  with  dilute  HCl  and  water.  It  was  then  boiled 
with  water  a  few  times  to  remove  benzoic  acid.  Yield  21.6  g(89‘’lo),  m.p.  203.4-206.6®;  after  crystallization 
from  xylene,  prisms,  m.p.  204.6-205.6". 

Found  <7o;  C  79.14,  78.93;  H  4.09,  4.12;  N  5.11,  5.06.  CuHnOjN.  Calculated  *70:  C  79.12:  H  4.03: 

N  5.12. 

6-(2' -Chlorobenzoyl)-benz(cd) indoline-2-one.  Aluminum  chloride (23.4  g),  a  little  at  a  time,  and 
10.0  g  of  naphthostyryl  at  85-90®,  were  added  to  15.6  g  of  o-chlorobenzoyl  chloride.  The  mixture  was  stirred 
for  4  hours  at  90®,  transferred  to  water,  filtered  and  washed  with  dilute  hydrochloric  acid  and  water.  The  residue 
was  boiled  twice  with  2  liters  of  water.  Yield  17.46  g  (96*^0 ),  m.p.  239-247®.  Recrystallization  from  xylene 
gave  tapering  crystals  of  m.p.  248.0-251.0®. 

Found  <7o:  N  4.60,  4.49;  Cl  11.47,  CuHioOjNCl.  Calculated  <^0:  N  4.55;  Cl  11.54. 
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6-Benzoyl-perinaphthofuran-2-one.  6-Benzoylbenz(cd)  indoline-2-one  (20.0  g)  was  boiled  for  3  hours 
with  100  ml  of  lO^o  aqueous  NaOH  and  filtered,  and  the  cold  filtrate  was  treated  with  5.0  g  of  NaN02  in  30  ml 
of  water.  A  mixture  of  400  g  of  ice  and  100  ml  of  concentrated  hydrochloric  acid  was  added,  drop  by  drop, 
over  a  period  of  1.5  hours.  The  mixture  was  stirred  for  1  hour,  treated  with  100  g  of  crystalline  sodium  sulfate 
and  filtered,  and  the  residue  was  washed  with  VJo  sulfuric  acid.  The  product  was  added  to  200  ml  of  water 
with  0.1  g  of  copper  sulfate,  boiled  for  2  hours,  cooled  and  filtered,  and  the  residue  was  washed  with  water  and 
dried.  Yield  19.5  g  (d'Vjo).  Recrystallization  from  butanol  gave  needles  of  m.p.  203.6-204.8*. 

Found  ‘lo:  C  78.52,  78.69;  H  3.59,  3.41.  CuHuOj.  Calculated  <7o:  C  78.83;  H  3.68. 

Methyl  ester  of  8-methoxy-5-benzoylnaphthalene-l-carboxylic  acid.  6-Benzoyl-perinaphthofuran-2-one 
(9.0  g),  recrystallized  from  butanol,  was  added  to  150  ml  of  a  20%  aqueous  solution  of  potassium  hydroxide,  and 
heated  until  solution  was  complete.  The  temperature  of  the  cold  solution  was  raised  gradually  from  20  to  50* 
while  dimethyl  sulfate  was  added,  drop  by  drop,  as  long  as  the  formation  of  precipitate  contnued.  The  precipi¬ 
tate  was  filtered  off,  washed  with  water  and  dried.  The  yield  was  8.65  g  (82%)  and  the  melting  point  109.8-113.0* . 
Recrystallization  from  alcohol  gave  7.65  g  of  colorless  platelets  of  m.p.  114.2-115.6*. 

Found  %:  C  75.09,  75.15;  H  4.98,  5.14.  C2oHi604.  Calculated  %:  C  75.00;  H  5.00. 

8-Methoxy-5-benzoylnaphthalene-l-carboxylic  acid.  A  mixture  of  7.5  g  of  the  methyl  ester  of  8-methoxy- 
5-benzoylnaphthalen-l-carboxylic  acid,  1.65  g  of  KOH  and  50  ml  of  ethyl  alcohol  was  boiled  under  reflux  for 
16  hours.  The  mixture  was  then  diluted  with  200  ml  of  water  and  filtered.  The  filtrate  was  acidified  with  hydro¬ 
chloric  acid.  Yield  4.75  g(60%),  m.p.  197-207*.  Recrystallization  from  methyl  alcohol  and  chloroform  gave 
colorless  prisms  of  m.p.  207.6-209.4*. 

Found  %:  C  74.11,  73.91;  H  4.59,  4.42.  CyHi404.  Calculated  %:  C  74.51;  H  4.58. 

A  mixture  of  1.0  g  of  8-methoxy-5-benzoylnaphthalene-l-carboxylic  acid,  0.2  g  of  lime  and  1.0  g  of 
calcined  copper  powder  was  heated  for  2  hours  at  300*.  It  was  then  extracted  with  chloroform,  and  the  solution 
was  passed  through  a  column  packed  with  alumina.  The  initially  almost  colorless  effluent  was  evaporated  to 
remove  most  of  the  chloroform,  it  was  then  diluted  with  alcohol,  and  the  rest  of  the  chloroform  was  distilled 
off  with  the  alcohol.  The  residue  (2-3  ml)  was  allowed  to  stand  for  24  hours  in  a  refrigerator  and  filtered. 

The  yield  was  0.2  g  of  needles  of  m.p.  78.6-80.0*. 

Found  %:  C  82.82,  82  99;  H  5.41,  5.10.  CuH^Oj.  Calculated  %:  C  82.44;  H  5.34. 

l-Methoxy-4-benzoylnaphthalene.  A  mixture  of  30.0  g  of  1-methoxynaphthalene,  26.9  g  of  benzoyl 
chloride,  37.5  g  of  AlClj  and  125  ml  of  carbon  disulfide  was  boiled  for  2  hours  under  reflux,  and  then  added  to 

250  ml  of  10%  hydrochloric  acid  and  heated  on  a  steam  bath.  The  solid  was  heated  with  a  2%  solution  of 

NaOH,  washed  and  dried.  Recrystallization  from  alcohol  gave  23.0  g  of  product  of  m.p.  78.4-80.2*.  According 
to  the  literature  [5],  this  method  of  preparation  should  give  a  product  of  m.p.  82-83*.  Purification,  by  chroma¬ 
tography  of  the  chloroform  solution  on  alumina,  gave  a  product  of  m.p.  78.8-80.4*,  and  this  was  not  altered  by 
recrystallization  from  methanol.  A  mixture,  with  a  sample  prepared  by  decarboxylation  of  8 -methoxy -4-benzoyl- 
naphthalene -1 -carboxylic  acid,  also  melted  at  78.8-80.4*. 

Lactam  of  4-aminobenzanthrone-3-carboxylic  acid.  6-Benzoylbenz(cd)  indoline-2-one  (2.0  g)  was  added 
to  a  fused  mixture  of  32  g  of  Aids  and  8  g  of  NaCl  at  155-160*  and  stirred  for  6  hours  at  160-165*.  The  molten 
reaction  mixture  was  poured  on  to  ice  and  filtered,  and  the  residue  was  washed  with  dilute  hydrochloric  acid, 
water  and  alcohol.  The  dry  residue  was  heated  with  100  ml  of  xylene,  filtered  hot  and  washed  on  the  filter  with 
xylene.  The  fraction  which  had  not  dissolved  was  recrystallized  from  120  ml  of  trichlorobenzene.  Yellow 
crystals  were  obtained.  Yield  0.6  g,  m.p.  350-354*  (in  metal  block). 

Found  %:  C  79.46,  79.50;  H  3.30,  3.37;  N  5.38,  5.30.  CuH^OjN.  Calculated  %:  C  79.66:  H  3.32; 

N  5.16. 

1- Methyl -6 -benzoylbenz(cd  )  indoline-2-one.  A  mixture  of  2.0  g  of  6-benzoylbenz(cd)  indoline-2-one, 

4.0  g  of  potassium  carbonate  and  20  ml  of  trichlorobenzene  was  heated  to  150*,  and  held  at  this  temperature 
while  a  solution  of  6.3  g  of  the  methyl  ester  of  benzenesulfonic  acid  in  12  ml  of  trichlorobenzene  was  added  over 
a  period  of  5  hours.  The  mixture  was  filtered,  and  trichlorobenzene  was  distilled  off  in  steam  from  the  filtrate. 
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The  product  was  separated,  dried  and  recrystallized  from  a  mixture  of  100  ml  of  petroleum  ether  and  50  ml 
of  benzene.  Yield  1.1  g  (62  <70).  Pale  yellow  needles,  m.p.  151.0-152.0*. 

Found  <7o:  C  79.54,  79.56j  H  4.47,  4.29;  N  4.76,  4.84.  CmHjjOjN.  Calculated  C  79.44;  H  4.53; 

N  4.87. 

l-Methyl-6-benzoylbenz(cd)  indoline-2-one  (1.0  g)  was  added  to  a  fused  mixture  of  16  g  of  AlClj  and 
4  g  of  NaCl  at  165*,  and  0.1  g  of  m-dinitrobenzene  was  then  added  over  a  period  of  1  hour.  The  mixture  was 
stirred  at  165“  for  2  hours  and  poured  on  to  ice.  The  solid  matter  was  filtered  off  and  washed  with  dilute  hydro¬ 
chloric  acid,  water  and  ethyl  alcohol.  The  dry  weight  of  the  product  was  0.95  g.  Recrystallization  from  butanol 
gave  yellow  polyhedra  of  m.p.  270-286*.  Treatment  with  sodium  hydrosulfite  in  aqueous  caustic  soda  gave  a 
red  vat. 

Found  €  77.73,77.74:  H  3.84,  3.79;  N  5.00,  5.06;  €12.10,2.15.  CuHuOjN.  Calculated  for  (XII): 

€  80.00;  H  3.85:  N  4.91. 

Under  the  same  conditions,  but  using  0.2  g  of  2,4-dinitrochlorobenzene  as  oxidizing  agent,  we  obtained 
a  product  of  m.p.  268-283*,  containing  3.3*70  of  €1. 

SUMMARY 

1.  6-Benzoylbenz(cd)indoline-2-one  and  6-(2' -chlorobenzoyl)-benz(cd)  indoline-2-one  were  obtained 
by  the  action  of  benzoyl  chloride  and  o-chlorobenzoyl  chloride  respectively  on  naphthostyryl  in  the  presence 
of  AlClj. 

2.  l-Methyl-6-benzoylbenz(cd)  indoline-2-one  was  obtained  by  the  methylation  of  6-benzoylbenz(cd) 
indoline-2-one. 

3.  We  have  also  synthetized  the  lactam  of  4-aminobenzanthrone-3-carboxylic  acid,  its  partially  chlorinated 
N-methyl  derivative,  6-benzoyl-perinaphthofuran-2-one,  8 -methoxy-5-benzoylnaphthalene-l -carboxylic  acid 
and  its  methyl  ester. 
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CHEMISTRY  OF  XANTHATES  AND  VISCOSE 


Vin.  INVESTIGATION  OF  POLYTHIO  COMPOUNDS  AND  OF  THE  COMPOSITION 
OF  VISCOSE.  USING  LABELLED  ATOMS 

S.  N.  Danilov,  N.  F.  Gintse  and  K.  V.  Levitskaia 


The  use  of  labelled  atoms  (S*®,  C*'^)  reveals  new  possibilities  in  the  investigation  of  the  composition  and 
chemical  transformations  of  viscose,  and  in  particular  of  the  reactions  of  splitting  off  of  sulfur  from  the  polythio 
compounds  which  occur  in  viscose.  It  was  shown  previously  [1,  2]  that  sulfur  splitting  substances  convert  dixanthides 
of  cellulose  into  their  thioanhydrides,  sodium  perthiocarbonate  into  the  trithiocarbonate,  sodium  disulfide  into 
the  monosulfide  and  sodium  thiosulfate  into  sodium  sulfite.  Sulfur  splitting  compounds  in  viscose  are  sodium 
sulfite,  sulfide  and  possibly  trithiocarbonate.  Sodium  cyanide  and  arsenite  are  not  normally  present,  but  are 
found  to  be  convenient  sulfur  splitting  agents  for  the  polythio  compounds  in  viscose. 

In  the  experiments  described  below,  we  investigated  the  splitting  off,  by  sodium  cyanide  and  sulfite,  of 
sulfur  atoms  from  dixanthides  of  cellulose  and  ethyl  alcohol,  and  from  sodium  disulfide  and  perthiocarbonate, 
all  of  which  contained  radioactive  sulfur  (S*®)  in  their  molecule.  The  results  obtained  with  labelled  atoms  were 
compared  with  those  of  normal  chemical  analysis.  The  use  of  labelled  atoms  made  it  possible  to  determine 
both  the  composition  of  viscose,  particularly  the  amounts  of  polythio  compounds,  and  the  distribution  of  the 
original  carbon  disulfide  among  the  components. 

Determination  of  transfer  of  sulfur  and  of  the  composition  of  viscose  can  be  carried  out  more  quickly  by 
the  isotopic  method  than  by  normal  analytical  means,  but  there  is  the  risk  of  exchange  of  radioactive  and  non¬ 
radioactive  sulfur  atoms  within  a  given  molecule  and  between  different  molecules  (isotopic  exchange).  Isotopic 
exchange  in  the  case  of  sulfur  compounds  may  be  facilitated  by  the  following  reversible  reactions: 

N  a2S2  -f"  Na2SOj  ^  Na2S  -f-  Na2S203 
Na2CS4 -j- N 82803  ^  "*  N 8^083 -|- N 828303 
Na2C84  -j-  NaqS  ^  ^  N  82083-}-  N82S2 


(1) 

(2) 

(3) 


It  has  been  shown  that  there  is  no  isotopic  exchange  at  room  temperature,  in  aqueous  solution,  between 
sodium  sulfide  and  thiosulfate  [3]  and  between  sodium  sulfite  and  thiosulfate  [3,  4];  but  exchange  has  been 
found  between  ethyl  xanthate  and  elementary  sulfur  in  solution  in  alcohol -toluene  or  alcohol -carbon  disulfide 
[5].  The  existence  of  isotopic  exchange  between  sodium  sulfide  and  carbon  disulfide  [6,  7]  is  based  on  indirect 
evidence,  which  provides  the  basis  for  assuming  intramolecular  exchange  in  trithiocarbonates. 

When  using  sulfite  as  an  acceptor  of  sulfur  from  polythio  compounds  containing  radioactive  sulfur  atoms, 
there  are  probable  complications  arising  from  the  splitting  off  of  sulfur  by  the  above  reversible  reactions;  as 
stated  above,  loss  of  radioactive  thiosulfate  does  not  occur  by  isotopic  exchange  with  sulfite. 

There  is  less  complication  if  cyanide  is  used  as  a  sulfur  acceptor.  It  is  known  from  the  literature  that  there 
is  no  isotopic  exchange  of  sulfur  with  the  thiocyanate  ion  [8]. 

Dixanthides  lose  one  atom  of  sulfur  to  form  thioanhydrides: 


2978 


/ 

/0-CSS  \  ■ 

QIIlO— 2*06—2*1  <! 

■^O-GS^  A. 

/  .0-cs. 

C6Hlo_2«06_2a:( 


(4) 


By  analogy  V(ith  simple  disulfides  [9],  there  is  little  probability  that  dixanthides  would  react  with  cyanides 
to  give  thiocyanates  and  xanthates. 

In  our  experiments,  cellulose  dixanthide  split  off  more  sulfur  than  was  calculated  (from  reaction  4),  and, 
according  to  our  results,  this  was  because  of  the  instability  of  thioanhydrides  in  alkaline  media  [10], 

We  obtained  close  agreement  for  the  amount  of  sulfur  split  off  from  polythio  compounds,  using  the  isotopic 
and  normal  methods  of  analysis,  and  this  showed  that  there  was  little  isotopic  exchange  in  our  experiments. 

This  was  confirmed  by  the  following  observations:  1)  if  radioactive  polythio  compounds  were  added  to  viscose, 
they  could  be  determined  with  satisfactory  precision  by  the  use  of  sulfur  acceptors;  2)  if  viscose  was  prepared 
from  xanthate  made  from  radioactive  carbon  disulfide,  and  a  mixture  of  disulfide,  perthiocarbonate  and  sulfur 
acceptor  was  added,  then,  after  precipitation  of  the  cadmium  salts,  radioactivity  was  not  observed  in  the  filtrate 
after  2  hours  and  only  began  to  appear  after  several  days  (these  experiments  are  omitted  from  the  experimental 
section  for  the  sake  of  brevity).  Since  the  position  of  the  active  sulfur  in  perthiocarbonate  can  vary  accordingly 
as  active  sulfur,  active  sodium  sulfide  or  active  carbon  disulfide  was  used  for  the  preparation,  in  as  much  as 
active  preparations  are  diluted  with  inactive  ones  and  the  capacity  to  split  off  sulfur  is  only  inherent  in  the 
sulfur  atoms  of  the  disulfide  group,  there  are  conditions  where  there  can  be  a  loss  of  activity  from  perthiocarbonate 
(in  the  cadmium  precipitate).  Further  investigation  is  required  on  the  question  of  isotope  exchange  in  relation 
to  specific  positions  of  sulfur  in  perthiocarbonate.  Specificity  of  the  sulfur  atoms  in  sodium  thiosulfate  has  been 
established  [11]. 

The  content  of  polythiocompounds  alters  during  the  course  of  ripening,  and  reaches  5-7%  of  the  total 
sulfur  in  the  viscose. 

EXPERIMENTAL 

The  normal  methods  of  synthesis  [2]  were  employed  for  the  preparation  of  sodium  disulfide,  perthiocarbonate 
and  dixanthide,  with  the  difference  that  radioactive  elementary  sulfur,  carbon  disulfide  and  sodium  sulfide  were 
used.  Since  radioactive  and  inactive  reagents  were  mixed,  the  polythio  compounds  obtained  were  mixtures  of 
substances  with  different  numbers  and  different  positions  of  radioactive  sulfur  atoms  in  their  molecules. 

In  all  cases  the  measurements  were  made  in  open  cells,  using  a  layer  of  infinite  thickness,  a  type  MST-17 
counter  with  an  end  window  consisting  of  a  thin  film  of  mica,  and  a  type  B  counter. 

1.  Investigation  of  the  Splitting  off  of  Sulfur  from  Dixanthides  (experiments  by 
N.  F.  Gintse,  assisted  by  V.  V.  Vinogradova) 

We  investigated  the  transfer  of  sulfur  from  dixanthides  of  cellulose  and  of  ethyl  alcohol  to  sulfur  acceptors 
(cyanide  and  sulfite).  The  amount  of  sulfur  transferred  was  determined  by  the  labelled  atom  method  and  by  oxi¬ 
dation. 

a)  Splitting  off  of  sulfur  from  cellulose  dixanthide.  The  transfer  of  sulfur  from  cellulose  dixanthide, 
labelled  with  S®  ,  to  sodium  sulfite  and  potassium  cyanide  was  followed  by  measuring  the  activity  of  the  sodium 
thiosulfate  and  potassium  thiocyanate  formed. 

For  the  preparation  of  dixanthide  containing  labelled  sulfur  atoms,  we  added  a  small  amount  of  radioactive 
carbon  disulfide  (CS*!  )  to  the  main  quantity  used  for  making  cellulose  xanthate.  The  active  xanthate  obtained 
was  freed  from  byproducts  by  washing  with  methyl  alcohol,  and  was  converted  into  the  dixanthide  by  treatment 
with  an  aqueous  solution  of  iodine.  The  resulting  dixanthide  was  washed  with  water,  alcohol  and  ether,  and  dried 
in  a  vacuum  desiccator  over  phosphorus  pentoxide,  or  in  a  stream  of  nitrogen.  Because  cellulose  dixanthide  is 
insoluble  in  water,  and  readily  decomposes  in  alkaline  solutions,  it  was  necessary  to  carry  out  the  transfer  of 
sulfur  to  acceptor  under  heterogeneous  conditions.  A  given  weight  of  dixanthide  was  treated  with  a  given  volume 
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of  an  aqueous  solution  of  sodium  thiosulfite  or  potassium  cyanide,  containing  excess  of  the  acceptor.  A 
definite  time  was  allowed  for  interaction,  the  mixture  was  filtered,  and  the  activity  of  the  filtrate  was  measured. 
The  insolubility  of  the  dixanthide,  and  of  the  cellulose  thioanhydride  formed,  made  it  possible  to  omit  the  opera¬ 
tion  of  precipitation  of  the  test  sample  with  a  cadmium  salt,  which  was  necessary  in  the  case  of  soluble  polythio 
compounds  (see  below). 

The  absence  of  soluble  decomposition  products  of  the  dixanthide  in  the  above  mentioned  filtrates  was 
confirmed  by  special  experiments.  It  was  shown  that:  1)  the  filtrates  did  not  give  colored  precipitates  with 
acetic  acid,  2)  the  activity  of  the  filtrate  did  not  alter  after  reprecipitation  by  a  cadmium  salt,  3)  aqueous 
and  aqueous  alcohol  extracts,  obtained  by  soaking  the  original  dixanthides  for  the  same  time  as  was  used  for 
interaction  with  acceptor,  were  inactive.  It  was  therefore  concluded  that  the  activity  of  the  filtrates  was  due 
exclusively  to  the  activity  of  sulfur  transferred  to  the  acceptor,  i.  e.,  to  the  thiosulfate  or  thiocyanate  in  the 
filtrate. 

The  activities  of  the  original  dixanthide  samples  were  determined  in  solution  in  6-8^o  caustic  soda,  using 
the  same  concentrations  of  dixanthide  as  in  the  samples  which  reacted  with  acceptor.  It  is  known  that  dixanthides 
decompose  rapidly  in  alkaline  solution,  but  they  do  not  form  volatile  sulfur  compounds. 


TABLE  1 

The  Action  of  Sulfur-Splitting  Agents  on  Cellulose  Dixanthide 


It  is  clear,  from  the  data  in  Table  1,  that  cellulose  dixanthide  transfers  sulfur  to  an  acceptor  comparatively 
easily  and  quickly.  There  was  a  change  from  the  initial  color  of  the  dixanthide  even  after  a  few  minutes;  it 
changed  from  pale  yellow  to  grayish  green  in  the  presence  of  sulfite,  and  to  reddish  brown  in  (he  presence  of 
cyanide.  The  numerical  data  shows  that  the  reaction  with  acceptor  was  practically  complete  after  30  minutes, 
and  that  potassium  cyanide  was  a  more  energetic  sulfur -splitting  agent  than  sodium  sulfite.  But  the  quantity  of 
sulfur  split  off  from  the  dixanthide  was  found  to  be  greater  than  corresponded  to  its  reaction  with  acceptor  to 
form  only  thioanhydride.  It  was  2 8. 3 6 for  sulfite,  39-46*70  for  cyanide  (theoretical- 25*70  for  the  quantitative  conver¬ 
sion  of  dixanthide  to  thioanhydride).  This  was  rather  surprising,  as,  in  earlier  experiments  [1,  2]  on  the  inter¬ 
action  of  dixanthide  with  potassium  cyanide,  we  obtained  yields  of  about  70*70  of  cellulose  thioanhydride  (judging 
by  the  quantity  of  potassium  cyanide  formed,  determined  argentometrically  by  Volhard’s  method),  which  corres¬ 
ponded  to  the  splitting  off  of  about  18*7)  of  sulfur  from  the  dixanthide.  The  above  mentioned  control  tests  may 
be  taken  as  a  sufficient  guarantee  that  there  were  no  sulfur  compounds  other  than  thiosulfate  or  thiocyanate  in 
our  filtrates.  But,  when  measuring  the  activity  of  solutions  of  the  original  cellulose  dixanthide,  it  was  found  that 
there  was  a  small  but  continuous  increase  with  time  in  the  activity  of  the  solution  in  the  measuring  layer.  A 


similar  phenomenon  was  subsequently  observed  with  solutions  of  active  preparations  of  ethyl  xanthate  and  of 
cellulose  thioanhydride,  and  this  was  attributed  tc  a  flotation  effect  in  these  systems.  The  activities  of  such 
systems  were  taken  as  the  mean  of  the  first  and  second  readings  for  systems  of  high  activity,  and  as  the  first 
reading,  instead  of  the  mean,  for  systems  of  lower  activity,  which  required  a  longer  time  for  measurement. 

In  order  to  check  the  correctness  of  the  values  obtained  for  the  proportion  of  sulfur  transferred,  in  some 
experiments  (Table  2)  the  activities  of  both  the  residue  and  the  filtrate  were  determined.  The  residue  (of 
thioanhydride)  left  on  the  filter  was  washed  with  water,  alcohol  and  ether,  dissolved  in  6-8%  caustic  soda,  and 
diluted  to  the  equivalent  extent.  The  instability  of  thioanhyd rides  in  alkaline  media,  since  it  did  not  lead  to 
the  evolution  of  volatile  sulfur  compounds,  could  not  have  any  effect  on  the  determination  of  the  total  sulfur  by 
measurement  of  the  activity  of  the  solution.  Since  there  was  again  some  increase  in  the  observed  activity  when 
measurements  were  repeated,  the  determinations  were  carried  out  on  the  same  principle  as  above  for  the  dixan- 
thide,  i.  e.,  the  recorded  activity  was  taken  as  either  the  mean  of  the  first  two  measurements,  or  as  the  first 
measurement,  depending  on  the  activity  of  the  preparation. 

TABLE  2 

Distribution  of  the  Sulfur  of  the  Original  Cellulose  Dixanthide  between  Acceptor  and 

Residue 


rime  of  in- 

Activity  of 

Amount  of  sulfur 

Total 

Expt. 

Acceptor 

teraction  of 
dixanthide 

solution  of 
original  di¬ 
xanthide 

(counts/minute) 

sulfur 

found 

No. 

with  accep- 

trans- 

found  in 

tor  (hours) 

(counts/miq) 

ferred  to 
acceptor 

residue 

(7o  of 
original) 

Sodium 

1 

3 

420 

150 

280 

103 

Potassium  cyanide 

Sodium 

2.5 

2.5 

420 

190 

100 

220 

97 

2 

340 

230 

98 

Potassium  cyanide 

2.5 

340 

150 

180 

lOO 

Sodium  sulfite  | 

2.5 

316 

101 

210 

98 

3 

4 

316 

91 

210 

95 

Potassium  cyanide 

2.5 

316 

156 

170 

103 

Sodium  sulfite  | 

2.5 

3.5 

530 

530 

154 

152 

376 

367 

100 

98 

It  is  clear  from  Table  2  that  a  satisfactory  balance  was  obtained  for  the  distribution  of  the  original  dixan¬ 
thide  sulfur  between  acceptor  and  residue  (the  precision  of  a  determination  was  ±  1-2  %). 

In  order  to  counter  the  suggestion  that  isotopic  exchange  might  have  some  effect  on  the  observed  amount 
of  sulfur  transferred,  in  spite  of  the  satisfactory  overall  balance,  a  supplementary  series  of  experiments  was  carried 
out  in  which  the  transferred  sulfur  was  determined  by  oxidation  with  bromine  and  alkali.  These  experiments 
were  performed  with  nonactive  preparations  of  dixanthide,  using  the  same  conditions  as  above  for  the  interaction 
of  dixanthide  with  acceptor.  The  sulfur  content  of  the  initial  dixanthide  was  determined  by  oxidation  with  bromine 
and  alkali,  using  samples  both  of  dixanthide  and  of  its  solution  in  6-8%  sodium  hydroxide.  The  oxidation  products 
were  precipitated  with  barium  chloride,  and  the  sulfur  was  determined  gravimetrically  as  barium  sulfate.  The 
results  agreed  for  the  two  starting  materials.  In  order  to  determine  the  amount  of  sulfur  transferred  to  the  acceptor 
the  filtrate  from  the  interaction  of  dixanthide  with  acceptor  was  combined  with  the  washings,  and  an  aliquot 
weight  was  oxidized.  The  results  of  these  experiments  are  shown  in  Table  3.  It  will  be  seen  that  they  agree  well 
with  the  previous  results  by  the  labelled  atom  method.  This  confirmed  the  applicability  of  our  variant  of  the 
isotopic  method  for  these  systems,  and  provided  indirect  evidence  of  the  absence  of  isotopic  exchange  of  sulfur 
between  the  compounds  under  consideration. 
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TABLE  3 

Distribution  of  the  Sulfur  of  the  Original  Cellulose  Dixanthide  between  Acceptor  and 
Residue  According  to  the  Results  of  the  Bromide-Bromate  Method 


Expt. 

No. 

Acceptor 

Interac¬ 

tion 

time 

(hours) 

Sulfur  con¬ 
tent  of  ori¬ 
ginal  sample 
of  dixan¬ 
thide  (g) 

Amount  of  sulfur  (%  of 
original) 

transferred 
to  acceptor 

found  in 
residue 

1 

Sodium  sulfite 

2 

0.3330 

Not  deter- 

66 

mined 

f 

1.5 

0.3618 

41 

60 

^  1 

Potassium  cyanide  < 

3 

0.3618 

42 

57 

f 

Sodium  sulfite 

2 

0.1427 

Not  deter- 

62 

3 

mined 

Potassium  cyanide 

3 

0.1427 

44 

56 

b)  Splitting  off  of  sulfur  from  diethyldixanthide.  As  a  result  of  the  interaction  of  an  alcoholic  solution  of 
diethyldixanthide  with  aqueous  potassium  cyanide,  we  previously  [1]  obtained  the  crystalline  thioanhydride  of 
ethyl  alcohol  in  a  yield,  determined  by  the  thiocyanate  formed,  equivalent  to  of  the  theoretical  yield  of 

the  reaction 


(C2H50CS2)2  +  KCN  KCNS  +  (C2»50CS)2S 


(5) 


The  fact  that  the  yield  of  diethylthioanhydride  was  not  quite  quantitative  was  attributed  by  the  authors  to 
the  ease  of  decomposition  of  dixanthide,  and  particularly  of  thioanhydride,  in  an  alkaline  medium  (the  pH  of 
a  solution  of  potassium  cyanide  is  about  11). 

We  did  not  succeed  in  raising  the  yield  of  thioanhydride  by  carrying  out  tt)e  reaction  in  alcohol,  because 
of  the  poor  solubility  of  potassium  cyanide  and  tlie  high  solubility  of  the  thioaniiydride  in  this  solvent. 

When  the  reaction  was  carried  out  between  aqueous  potassium  cyanide  and  an  alcoholic  solution  of  dixanthide 
the  thioaniiydride  was  obtained  in  the  form  of  a  well  crystallized  precipitate,  and  this  had  a  sharp  m.p.  of  55** 
after  several  recrystallizations  from  alcohol.  From  2  g  of  dixanthide  we  obtained  1.1  g  of  purified  diethyl¬ 
thioanhydride,  for  which  the  sulfur  content  found  by  analysis  was  4.61  and  4.83'V',  compared  with  the  theoretical 
A.lV’jr.  When  the  time  of  interaction  of  dixanthide  and  potassium  cyanide  was  increased,  the  yield  of  thioanhydride 
fell  markedly,  because  of  its  ease  of  decomposition  in  a  medium  of  nigh  pH.  For  instance,  if  the  yield  of  thio¬ 
anhydride  (unrecrystallized  yield  by  weight  from  2  g  of  dixanthide)  was  10%  after  40  minutes  interaction,  this 
fell  to  00%r  after  7  liours  and  to  0-A%  after  15  hours,  while  no  thioanhydride  was  obtained  wlien  the  reactants  had 
stood  together  for  several  days. 

The  previously  described  method  [2]  for  determining  the  thiocyanate,  formed  by  the  interaction  of  dixanthide 
and  potassium  cyanide,  was  somewhat  modified.  Excess  of  cyanide  and  unreacted  sulfur-containing  components 
were  precipitated  with  a  cobalt  salt,  and  the  potassium  thiocyanate  remaining  in  solutiom  was  determined,  not 
by  the  Volhard  method,  but  by  potentiometric  titration  with  silver  nitrate.  Satisfactory  precision  and  good  repro¬ 
ducibility  were  obtained  with  standard  solutions  by  tliis  method.  The  titration  is  easier  than  by  the  Volhard  method. 
In  our  case  it  was  more  precise,  since  it  had  a  transition  point  with  a  large  and  abrupt  change  of  potential.  In  the 
Volhard  titration  it  was  difficult  to  see  the  end  point  because  of  the  color  produced  by  the  excess  of  cobalt  salt. 

The  amount  of  thiocyanate  formed  (Table  4)  agreed  closely  with  the  expected  amount  of  thioanhydride.  This  was 
an  indication  that  the  interaction  of  diethyldixanthide  with  a  sufficiently  active  acceptor  occurred  with  quanti¬ 
tative  formation  of  thioanhydride.  As  may  be  seen,  the  yield  of  thiocyanate  did  not  depend  on  the  duration  of  the 


•  There  is  an  error  in  the  m.p.  of  diethylthioanhydride  given  by  Danilov  and  Grad  [1]  pp.  2194  and  2195;  this 
should  be  55*  instead  of  51*. 
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reaction  over  the  range  0.5  to  1.5  hours.  The  higher  yield  of  thiocyanate  in  the  experiments  with  cellulose 
dixanthide  is  evidence  of  the  complexity  and  ncnuniformity  of  the  processes  of  splitting  off  sulfur  from  di- 
xanthides  of  different  types. 

The  reaction  of  splitting  off  of  sulfur  was  evidently  accompanied  by  decomposition  of  the  thioanhydride 
formed  and  also  of  the  dixanthide  itself. 

Additional  complications  could  arise  in  experiments  with  cellulose  dixanthide  because  of  the  heterogeneous 
conditions. 


TABLE  4 

Splitting  off  of  Sulfur  from  Diethyldixanthide  in  the  Reaction 
between  Aqueous  Potassium  Cyanide  and  an  Alcoholic  Solution 
of  Dixanthide 


No*  of  di¬ 
xanthide 
batch 

Sulfur  con¬ 
tent  of  di¬ 
xanthide 
Sample 
(m-equiv) 

Time  of  in¬ 
teraction  of 
solutions 
(minutes) 

Amount  of  sulfur  split  off 

in 

(m-equIv) 

In  % 

1 

1.854 

30 

0.467 

25.2 

2 

0.758 

90 

0.191 

25.2 

3 

1.289 

30 

0.343 

26.6 

2.  Splitting  off  of  Sulfur  from  Sodium  Disulfide  and  P  erthioca  rbona  te  [12] 
(experiments  by  K.  V.  Levitskaia). 

Sodium  disulfide  was  synthetized  from  the  monosulfide  by  treatment  with  sulfur  in  alcoholic  solution: 
the  disulfide  crystallized  out  from  the  solution  in  the  form  of  pale  yellow  crystals  (Na2S{  ’SHjO).  To  obtain  a 
radioactive  product,  3.6  g  of  purified  monosulfide  was  mixed  with  0.1  g  of  commercial  radioactive  mono* 
sulfide,  and  4.71  g  of  sulfur,  containing  0.0012  g  of  the  radioactive  isotope,  was  used.  The  product  was  pro¬ 
tected  from  atmospheric  oxygen  (nitrogen  atmosphere)  and  light.  The  product  was  analyzed  for  possible  traces 
of  thiosulfate,  for  hydrogen  sulfide  and  for  total  sulfur.  An  approximately  0.1  N  solution  was  prepared  from  the 
crystalline  disulfide,  and  for  each  experiment  on  the  loss  of  sulfur,  5  ml  were  mixed  with  2  ml  of  2  N  sulfite 
or  cyanide,  allowed  to  stand  for  a  definite  time  (15,  30,  60,  120  minutes)  and  then  treated  with  10<l/c  cadmium 
chloride  to  precipitate  sulfide.  The  precipitate  was  filtered  off  after  5  minutes,  and  the  solution  was  analyzed, 
either  by  measuring  its  activity,  or  by  determining  the  content  of  thiosulfate  or  thiocyanate.  In  separate  experi¬ 
ments,  sodium  sulfite  was  isolated  in  the  form  of  its  formaldehyde  compound  (Kurtenacker).  A  blank  sample 
was  diluted  with  water  to  the  total  volume  of  the  solution  of  acceptor  and  cadmium  salt.  The  activity  of  the 
original  solution  was  taken  as  100<7o  for  calculating  the  activity  of  the  mixtures.  The  background  was  about 
40  counts/minute.  The  statistical  error  was  3-5P/o. 

Sodium  perthiocarbonate  was  prepared  by  the  interaction  of  radioactive  sodium  sulfide  and  radioactive 
carbon  disulfide,  both  highly  diluted  with  inactive  reagents.  It  was  obtained  in  the  form  of  a  fine  crystalline 
yellow  precipitate.  A  working  solution  was  made  up,  as  in  the  case  of  sodium  disulfide.  Tables  5  and  6  give 
some  examples  of  the  splitting  off  of  sulfur  from  disulfide  and  perthiocarbonate  by  sulfite  and  cyanide,  and 
these  show  that  the  chemical  and  radioactive  methods  normally  gave  good  agreement  for  the  amount  of  sulfur 
split  off,  and  that  sulfite  was  less  effective  than  cyanide  for  splitting  off  sulfur  from  perthiocarbonate. 

3.  Determination  of  the  Composition  and  of  the  Polythio  Compounds  of  Viscose 

In  the  experiments  described  below,  the  splitting  off  of  sulfur  from  polythio  compounds,  under  the  action 
of  sulfur  acceptors,  was  used  to  determine  the  total  content  of  polysulfide  sulfur  in  viscose.  Sodium  sulfite  and 
potassium  cyanide  were  used  as  acceptors.  The  transfer  of  sulfur  was  followed  by  chemical  and  by  labelled 
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TABLE  5 


Splitting  off  of  Sulfur  from  Sodium  Disulfide  by  Thiosulfate  and  Cyanide 


1  Chemical  method 

1  Labelled  atoiii  method 

Acceptor 

interaction 

time 

(minutes)  j 

sulfur  split 
off  (%) 

interaction 

time 

[minutes) 

activity 

(counts/min) 

sulfur  split 
off  (7o) 

N  02503 

30 

94 

15 

1 

685 

92 

NaoSO, 

30 

87 

15 

944 

90 

KCN 

— 

— 

15 

532 

90 

KCN 

— 

— 

15 

548 

80 

TABLE  6 


Splitting  off  of  Sulfur  from  Sodium  Perthiocarbonate  by  SuKite  and  Cyanide 


No. 

1  Chemical  method 

1  Labelled  atom  method 

Acceptor 

interaction 

time 

(minutes) 

sulfur  split 
off  (%) 

interaction 

time 

(minutes) 

activity 

(counts/min) 

sulfur  split 
off  (%) 

1 

N 

15-120 

58 

120 

258 

62 

2 

NaaSUg 

15-120 

()7 

120 

201 

69 

3 

KCN 

— 

— 

120 

229 

100 

4 

KCN 

‘  - 

— 

120 

204 

90 

atom  methods.  In  the  latter  case,  and  in  the  determination  of  the  composition  of  viscose  by  the  labelled  atom 
method,  the  experiments  were  performed  with  active  viscose  prepared  under  laboratory  conditions  from  labelled 
carbon  disulfide.  In  the  other  case,  the  experiments  were  performed  with  commercial  viscose  (for  rayon).  It 
would  clearly  be  convenient  to  use  labelled  sodium  sulfite  for  measuring  the  content  of  polythio  compounds  in 
commercial  viscose,  so  as  to  single  out  the  sulfite  from  the  radioactive  thiosulfate  formed. 

a)  We  carried  out  experiments  (K.  V.  Levitskaia)  [12]  to  determine  the  distribution  of  carbon  disulfide 
between  xanthate  and  secondary  prpducts  and  the  change  of  this  distribution  during  the  course  of  ripening. 

Viscose  was  made  from  xanthate,  prepared  from  commercial  alkali  cellulose  (10  g  cellulose)  and  technical  carbon 
disulfide  (3.5  g),to  which  active  carbon  disulfide  (0.1  g)  CS^  had  been  added.  At  definite  time  intervals 
after  the  xanthate  had  been  dissolved,  methanol  was  used  to  separate  pure  xanthate  and  secondary  products. 

The  total  activity  of  the  two  solutions,  of  xanthate  and  secondary  products,  was  taken  as  lOO'^o,  and  from  the 
relative  activities  of  the  two  solutions,  it  was  possible  to  calculate  the  percentages  of  sulfur  in  the  xanthate  and 
in  the  secondary  products.  For  detailed  analysis  of  the  latter,  it  was  necessary  to  precipitate  their  cadmium 
compounds  from  the  filtrate,  and  to  deal  with  these  further  by  known  methods  [13].  Omitting  details.  Table  7 
shows  the  distribution  of  carbon  disulfide  in  viscose  as  measured  by  the  labelled  atom  and  normal  (Geiger) 
methods  (the  difference  was  3.2-4.7*51)), 

b)  To  determine  the  polythio  compounds  in  a  sample  of  dilute  viscose,  we  (K.  V.  Levitskaia)  added  excess 
of  2  N  sodium  sulfite,  shook  thoroughly  and,  after  15  minutes,  added  excess  of  lOPjo  cadmium  chloride,  which 
precipitated  all  of  the  sulfur  compounds  except  for  sodium  sulfite,  thiosulfate  and  sulfate.  The  precipitate  of 
cadmium  salts  was  filtered  off  and  washed  with  water,  until  the  filtrate  gave  no  reaction  with  0.01  N  iodine. 

The  filtrate  was  combined  with  the  washings  and,  if  nonactive  viscose  had  been  used,  was  analyzed  for  thiosulfate 
by  Kurtenacker's  method.  In  experiments  with  active  viscose,  the  total  radioactivity  of  the  filtrate  was  measured. 
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TABLE  7 

Distribution  of  Carbon  Disulfide 


Labelled  sulfur  | 

1  lodometrlc 

xanthate 

secondary 

xanthate 

secondary 

sulfur  {°Jo) 

product 
sulfur  {°]o) 

sulfur  (%) 

product 
sulfur  fh) 

62 

38 

57 

43 

/lO 

(iO 

37 

63 

TABLE  8 

Determination  of  Polysulfide  Compounds  in  Viscose  by  Means  of 
Sodium  Sulfite 


Viscose 

Viscose 

ripening 

time 

(hours) 

Method  of  de¬ 
termination 

Sulfur  split 
off  (%) 

Commercial 

No.  1 

72 

Chemical 

2.0 

Commercial 

No.  2 

48 

Ditto 

2.0 

Active  No.  2 

0 

Isotopic 

0 

Active  No.  2 

72 

Ditto 

4 

Active  No.  1 

41 

» 

3 

TABLE  9 


Change  in  the  Content  of  Polysulfide  Compounds  in  Viscose  During  Ripening 


Amount  of  sulfur  transferred  to  cyanide  (%  of  total  sulfur  content  of  viscose) 

Viscose 

ripening  time  of  viscose  (days) 

No. 

■/, 

1 

j 

2 

3 

4 

5 

8 

4 

4.8 

4.8 

5.2 

6.0 

5 

4.1 

4.1 

4.2 

4.2 

— 

4.5 

4.8 

and  this  corresponded  to  the  content  of  thiosulfate  and  active  sulfite  split  off  into  solution  from  the  original 
viscose.  The  radioactivity  of  the  solution  was  measured  as  in  the  previous  experiments.  The  content  of  thio¬ 
sulfate  (or  of  thiosulfate  in  the  total  with  sulfite)  in  the  original  viscose  was  determined  in  the  same  way,  by 
analyzing  the  filtrate  obtained  after  adding  cadmium  chloride  to  the  original  sample  of  viscose,  which  had  not 
been  treated  with  sodium  sulfite  but  had  been  diluted  with  water.  The  difference  between  these  two  gave  the 
amount  of  thiosulfate  formed  by  the  splitting  off  of  sulfur  from  the  polythio  components  of  the  viscose.  The 
total  sulfur  content  of  viscose  was  determined  in  the  normal  way  for  commercial  samples,  and  for  active  viscose 
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was  obtained  from  the  total  activity.  The  experimental  results,  given  in  Table  8,  show  that  2-4‘!/o  of  the 
total  sulfur  in  the  viscose  was  capable  of  reacting  with  sodium  sulfite. 

c)  Polythio  compounds  were  determined  (N.  F.  Gintse  and  V.  V.  Vinogradova)  in  commercial  viscose  by 
means  of  potassium  cyanide.  The  amount  of  thiocyanate,  formed  by  the  splitting  off  of  sulfur  from  the  polythio 
components  of  viscose  to  cyanide,  was  determined  by  potentiometric  titration  of  the  filtrate,  with  silver  nitrate 
and  the  addition  of  a  cobalt  salt.  The  absolute  error  was  ±  2  ‘’/o  of  the  amount  of  sulfur  split  off.  The  total 
sulfur  content  of  the  viscose  was  determined  by  oxidation  with  bromine  and  alkali. 

Preliminary  experiments  established  that  the  reaction  between  the  polythio  components  of  viscose  and 
cyanide  was  complete  within  30  minutes,  and  that  the  results  did  not  depend  on  the  degree  of  dilution  of  the 
viscose.  When  the  excess  of  cyanide  was  increased  to  more  than  4-fold,  there  was  some  increase  in  the  amount 
of  thiocyanate  found.  When  working  with  standard  solutions  (sodium  disulfide,  sodium  perthiocarbonate  and 
cellulose  xanthate),  there  was  no  change  in  the  yield  of  thiocyanate  even  when  using  a  15-20  fold  excess  of 
cyanide,  although  a  1.5-2-fold  excess  was  enough  for  the  completion  of  the  reaction.  We  therefore  used  approx 
imately  2  and  4-fold  excesses  in  experiments  with  viscose. 

When  sulfite  took  up  2-4<7o  of  the  total  sulfur  of  viscose,  then  the  more  powerful  acceptor  —  cyanide  — 
took  up  A-Q’jo. 

It  is  clear  from  the  data  in  Table  9  that  the  content  of  polythio  compounds  in  viscose  increased  somewhat 
with  the  degree  of  ripening. 


SUMMARY 

1.  The  labelled  atom  method  and  the  normal  analytical  means  have  been  used  to  investigate  the  splitting 
off  of  sulfur  from  the  dixanthides  of  cellulose  and  ethyl  alcohol,  and  from  sodium  disulfide  and  perthiocarbonate. 

2.  Thioanhydrides  were  obtained  from  dixanthides,  but  the  instability  of  the  former  in  alkaline  solution 
caused  a  reduction  in  yield  and  increased  the  percentage  of  sulfur  split  off. 

*  3.  The  labelled  atom  method  made  it  possible  to  determine,  with  sufficient  accuracy,  the  sulfur  split  off 

^  from  sodium  disulfide  and  perthiocarbonate  under  the  action  of  sulfite  and  cyanide. 

«  4.  The  labelled  atom  method,  together  with  the  normal  analytical  technique,  made  it  possible  to  deter¬ 

mine  the  content  of  polythio  products  in  viscose  during  the  course  of  ripening,  and  the  distribution  of  carbon 
disulfide  between  cellulose  xanthate  and  secondary  products. 
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REACTIONS  OF  SULFUR  AND  INORGANIC  SULFIDES  WITH 
DIALK  YLTRICHLOROPHOSPHINE-ALUMINUM  CHLORIDE  ADDUCTS 

S.  Z.  Ivin  and  K.  V.  Karavanov 

The  starting  dialkyltrichlorophosphine- aluminum  chloride  adducts  have  not  been  described  in  the  litera¬ 
ture  until  recently.  Only  very  recently  [1]  has  it  been  reported  that  in  the  presence  of  aluminum  chloride  alkyl- 
dichlorophosphines  form  solid  compounds  witn  alkyl  chlorides.  The  adducts  themselves  have  not  been  charac¬ 
terized. 

We  also  obtained  these  adducts  by  reacting  alkyldichlorophosphine  with  an  alkyl  chloride  and  aluminum 
chloride  according  to  equation 


RPCI2  +  R'Cl  +  AICI3  ^^PClg.  AIGI3 

In  this  manner  we  obtained  aluminum  chloride  adducts  of  dimethyl,  methylethyl,  and  diethyltrichloro- 
phosphine.  The  compounds  are  white  crystals  and  react  readily  with  many  reagents. 

We  investigated  the  reactions  of  these  adducts  with  sulfur  and  inorganic  sulfides.  Thus,  when  they  were 
heated  with  sulfur  or  with  sulfides  of  arsenic,  antimony,  phosphorus,  aluminum,  and  other  elements,  in  the  pre¬ 
sence  of  freshly  dried  (in  an  oven)  potassium  chloride,  dialkylthiophosphinyl  chlorides  were  formed. 

R2PCI3  .  AICI3  R2P(S)C1 

In  this  case  the  potassium  chloride  was  used  to  tie-up  aluminum  chloride;  this  resulted  in  an  appreciably 
increased  yield  of  dialkylthiophosphinyl  chloride. 

The  physical  constants  of  our  dimethyl,  methylethyl,  and  diethylthiophosphinyl  chlorides  agreed  with  those 
reported  in  the  literature  for  these  compounds  [2]. 

EXPERIMENTAL 

Dimethyltrichlorophosphine— aluminum  chloride  adduct.  We  sealed  13.35  g  of  aluminum  chloride, 

11.69  g  of  methyl  dichlorophosphine,  and  7.5  g  of  methyl  chloride  in  a  cooled  Carius  tube  (—40*).  On  attain¬ 
ing  room  temperature  the  mixture  warmed  up  spontaneously  to  50-60*,  and  the  aluminum  chloride  dissolved. 
When  cooled,  the  contents  of  the  tube  solidified  into  a  homogeneous,  snow  white  crystalline  mass.  We  ob¬ 
tained  29.2  g  (97.2%)  of  dimethyltrichlorophosphine— aluminum  chloride  adduct,  m.  p.  196-198*. 

Found  %:  Cl  70.00,  69.68;  P  10.52,  10.39;  A1  9.19,  9.30.  QHeClsPAl.  Calculated  %:  Cl  70.76; 

P  10.29;  A1  8.98. 

Methylethyltrichlorophosphine— aluminum  chloride  adduct.  We  obtained  30.8  g  (98.2%)  of  this  adduct 
from  11.7  g  of  methyldichlorophosphine,  13.35  g  of  aluminum  chloride,  and  9.6  g  of  ethyl  chloride. 
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Diethyltrichlorophosphine- aluminum  chloride  adduct.  From  26.18  g  of  ethyldichlorophosphine,  26.7  g 
of  aluminum  chloride,  and  19.2  g  of  ethyl  chloride  we  obtained  64.8  g  (98.8%)  of  diethyltrichlorophosphine - 
aluminum  chloride  adduct,  m.  p.  155-160*. 

Found  %:  P.  9.35,  9.25;  A1  8.05,  8.50;  C  13.92,  14.67.  C4H10CI7PAI.  Calculated  %:  P  9.42;  A1  8.2; 

C  14.61. 

Dlmethylthiophosphlnyl  chloride.  A  mixture  consisting  of  90.3  g  of  dimethyltrichlorophosphine- alumi¬ 
num  chloride  adduct,  9.6  g  of  sulfur,  and  22.3  g  of  potassium  chloride  was  slowly  heated  to  200*.  The  resulting 
substance  was  distilled  in  vacuo.  We  obtained  19.8  g  (48.3%)  of  dimethylthiophosphinyl  chloride. 

B.  p.  82-83*  at  16  mm,  n*®D  1.542,  d*®4  1.2652. 

Found  %:  P  24.55,  24.35;  Cl  27.23,  27.34;  S  24.60,  24.20.  CgHgClSP.  Calculated  %:  P  24.1;  Cl  27.61; 

S  24.9. 

Methylethylthiophosphinyl  chloride.  We  obtained  20.6  g  (48.4%)  of  methylethylthiophosphinyl  chloride 
from  94.5  g  of  methylethyltrichlorophosphine— aluminum  chloride  adduct,  9.6  g  of  sulfur,  and  22.3  g  of  potas¬ 
sium  chloride. 

B.  p.  90-91*  at  11  mm,  n*®D  1.5360,  d*®4  1.1817. 

Found  %:  Cl  25.02,  24.98;  P  21.33,  21.36;  S  22.45,  22.49.  CjHgClSP.  Calculated  %:  Cl  24.91, 

P  21.74;  S  22.45. 

Diethylthiophosphinyl  chloride.  We  obtained  22.9  g  (48.9%)  of  diethylthiophosphinyl  chloride  from  98.7  g 
of  diethyltrichlorophosphine— aluminum  chloride  adduct,  9.6  g,of  sulfur,  and  22.3  g  of  potassium  chloride. 

B.  p.  99-100*  at  11  mm,  n*"D  1.5325,  d*®4  1.1542. 

Found  %:  Cl  22.86,  23.17;  P  19.58,  19.53;  S  20.22,  20.14.  C4H10CISP.  Calculated  %:  Cl  22.64; 

P  19.85;  S  20.44. 

Dimethylthiophosphinyl  chloride.  From  90.3  g  of  dimethyltrichlorophosphine— aluminum  chloride  adduct, 
20.0  g  of  antimony  pentachloride,  and  22.3  g  of  potassium  chloride  we  prepared  23.8  g  (62.0%)  of  dimethyl¬ 
thiophosphinyl  chloride. 

B.  p.  82-83*  at  16  mm,  n*®D  1.541,, d*®4  1.2624. 

Found  %:  P  24.25;  24.09;  Cl  27.53,  27.48;  S  24.8,  24.75.  CgHjClSP.  Calculated  %:  P  24.1;  Cl  27.61; 

S  24.9. 

SUMMARY 

1.  Some  aluminum  chloride  adducts  of  dialkyltrichlorophosphines  were  prepared  and  characterized. 

2.  It  was  shown,  that  a  reaction  between  sulfur  or  inorganic  sulfides  and  dialkyltrichlorophosphine- alumi¬ 
num  chloride  adducts  in  the  presence  of  potassium  chloride  resulted  in  dialkylthiophosphinyl  chlorides;  at  the 
same  time  a  new  way  has  been  found  to  make  dialkylthiophosphinyl  chlorides. 

LITERATURE  CITED 

[1]  A.  M.  Kinnear  and  E.  A.  Perren,J.  Chem.  Soc.  1952,  3437. 

[2]  V.  M.  Piets,  Organic  Compounds  of  Phosphorus,  Defense  Industry  State  Press,  p.  117  (1940).* 


Received  August  29,  1957 


♦In  Russian. 


2989 


REACTIONS  OF  SULFUR  AND  INORGANIC  SULFIDES  WITH  ALUMINUM 


CHLORIDE  ADDUCTS  OF  A  LK  Y  L  T  ET  R  A  C  H  L  OR  OP  H  OS  P  H  I N  E 

I.  P.  Komkov,  S.  Z.  Ivin  and  K.  V.  Karavanov 


The  alkyltetrachlorophosphine- aluminum  chloride  adducts  described  in  the  literature  [1]  react  readily 
with  many  substances  to  give  corresponding  derivatives  of alkylphosphonic  acids.  For  example,  when  the  adduct 
reacts  with  water,  alkylphosphonyl  chlorides  are  formed;  in  the  reaction  with  alcohols, dialkyl  esters  of  alkyl¬ 
phosphonic  acids  are  formed.  In  the  reaction  between  sulfur  and  the  adducts  a  32%  yield  of  alkyl thiophosphonyl 
chloride  is  obtained  [2]. 

We  investigated  the  reactions  of  alkyltetrachlorophosphine- aluminum  chloride  adducts  with  sulfur  and 
metallic  as  well  as  nonmetaliic  sulfides.  Thus,  when  the  above  mentioned  adducts  were  heated  with  sulfur  in 
the  presence  of  freshly  dried  (in  the  oven)  potassium  chloride  they  gave  an  80%  yield  of  alkylthiophosphonyl 
chloride  according  to  equation 


RPCI4  •  AICI3  RP(S)Gl2  -f  KCl  .  AICI3  -f-  chlorides  of  sulfur 

Potassium  chloride  was  used  to  tie-up  aluminum  chloride.  In  its  absence  the  yields  of  alkylthiophosphonyl 
chlorides  decreased  to  25-30%. 

When  the  adducts  are  heated  with  aluminum,  potassium,  arsenic,  antimony,  phosphorus,  and  other  sulfides 
in  the  presence  of  potassium  chloride, alkyl  thiophosphonyl  chlorides  are  formed  in  70%  yields. 

If  trichloromethyltetrachlorophosphine— aluminum  chloride  adduct  is  heated  with  sulfur,  phosphorus  trichlo¬ 
ride  and  carbon  tetrachloride  are  formed;  i.e.,  the  adduct  decomposes  into  its  original  constituents.  When  this 
adduct  is  heated  with  arsenic  or  antimony  sulfides,  carbon  disulfide  and  phosphorus  thiochloride  are  formed. 

CK  C 

CCI3PGI4  •  AlCig  GSj  4-  PSGI3 

The  forrriation  of  carbon  disulfide  and  phosphorus  thiochloride  is  apparently  due  to  a  secondary  reaction. 

At  first,  a  thermal  dissociation  of  the  adduct  into  carbon  tetrachloride  and  phosphorus  trichloride  takes  place. 
These  then  react  with  arsenic  and  antimony  sulfides  in  the  presence  of  aluminum  chloride  to  give  carbon  di¬ 
sulfide  and  phosphorus  thiochloride  respectively. 

Special  experiments  were  set-up  to  prove  this  assumption.  Thus,  if  to  well  mixed  antimony  pentasulfide 
and  aluminum  chloride  we  gradually  add  carbon  tetrachloride  or  phosphorus  trichloride,  an  immediate  reaction 
takes  place  with  the  formation  of  carbon  disulfide  or  phosphorus  thiochloride  respectively,  both  in  good  yields. 

EXPERIMENTAL 

Methylthiophosphonyl  chloride.  A  mixture  containing  100.0  g  of  methyltetrachlorophosphine-alurninum 
chloride  adduct,  9.96  g  of  sulfiir,  and  23.17  g  of  freshly  dried  (in  the  oven)  potassium  chloride  was  slowly  heated 
to  170*.  The  resulting  reaction  products  were  distilled  in  vacuo.  We  obtained  28.2  g  (61.0%)  of  methylthiophos¬ 
phonyl  chloride. 
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B.  p.  69.5-70.5*  at  50  mm,  n*®D  1.5499,  d*®4  1.4220. 

Found  ojoi  P  20.09,  20.50;  S  21.04.  21.19;  Cl  47.19.  47.33.  CHjCljSP.  Calculated  P  20.78;  S  21.52; 

Cl  47.59. 

Ethylthiophosphonyl  chloride.  From  100.0  g  of  ethyltetrachlorophosphine-aluminum  chloride  adduct,  9.52 g 
of  sulfur,  and  22.2  g  of  potassium  chloride  we  obtained  26.3  g  (60.5‘7o)  of  ethylthiophosphonyl  chloride. 

B.  p.  68-69*  at  20  mm,  n*°D  1.5435,  d*®4  1.3532. 

Found  %:  P  19.24,  19.01;  S  19.50,  19.33;  Cl  43.86,  43.73.  C2H5CI2SP.  Calculated  P  18.94;  S  19.57; 

Cl  43.73. 

Methylthiophosphonyl  chloride.  From  47.0  g  of  methyltetrachlorophosphine  adduct,  20.0  g  of  antimony 
pentasulfide,  and  11.0  g  of  potassium  chloride  we  obtained  14.0  g  (64.0%)  of  methylthiophosphonyl  chloride. 

B.  p.  142-143*,  n^®D  1.5510,  d“4  1.4185. 

Found  %;  O.  48.01,  47.98.  CH3CI2SP.  Calculated  %:  Cl  47.6. 

Reaction  of  trichloromethyltetrachlorophosphine- aluminum  chloride  adduct  with  antimony  pentasulfide. 

A  mixture  containing  42.4  g  of  trichloromethyltetrachlorophosphine- aluminum  chloride  adduct,  15.0  g  of  anti¬ 
mony  pentasulfide,  and  7.5  g  of  potassium  chloride  were  heated  on  a  water  bath  at  50*  for  12  hours,  then  distilled 
at  atmospheric  pressure.  We  obtained  4.0  g  (52.6%)  of  carbon  disulfide,  b.  p.  45-46*,  d*®4  1.2656. 

Found  %:  S  83.6,  84.15;  C  16.22,  16.31.  CSj.  Calculated  %;  S  84.15;  C  15.78. 

We  also  isolated  7.6  g  of  phosphorusthiochloride,  b.  p.  125-126*,  d*®4  1.6642. 

Found  %;  S  18.84,  18.82;  Cl  62.3,  62.4.  PSCI3.  Calculated  %;  S  18.9;  Cl  62.77. 

Reaction  of  phosphorus  trichloride  with  antimony  pentasulfide  in  the  presence  of  aluminum  chloride.  To 
40.0  g  of  antimony  pentasulfide  and  26.6  g  of  aluminum  chloride  we  added  27.4  g  of  phosphorus  trichloride  in 
small  portions.  The  reaction  mixture  was  then  heated  for  1  hour  at  120*  and  distilled.  We  obtained  16.0  g  (71.0%) 
of  phosphorusthiochloride,  b.  p.  124-124.5*,  d^*4  1.6659. 

Found  %:  S  18.89,  18.84;  Q  60.74  ,  60.59,  PSCI3.  Calculated  %:  S  18.9,  Cl  62.7. 

Reaction  of  carbon  tetrachloride  with  antimony  pentasulfide  in  the  presence  of  aluminum  chloride.  To 
40.0  g  of  antimony  pentasulfide  and  10  g  of  aluminum  chloride  we  added  25.0  g  of  carbon  tetrachloride  in  small 
portions.  The  reaction  mixture  was  then  heated  for  30  minutes  at  50*  and  distilled.  We  obtained  8.5  g  (69.0%) 
of  carbon  disulfide,  b.  p.  46*,  d*®4  1.265. 

Found  %:  8  83.80,83.75.  CS2.  Calculated  %:  8  84.15. 

8UMMARY 

1.  We  investigated  the  reactions  of  sulfur  and  inorganic  sulfides  with  aluminum  chloride  adducts  of  alkyl- 
tetrachlorophosphine  and  showed  that  alkylthiophosphonyl  chlorides  are  formed  in  these  reactions.  This  also  pro¬ 
vided  a  new  way  of  making  the  latter. 

2.  When  antimony  or  phosphorus  sulfides  react  with  trichloromethyltetrachlorophosphine— aluminum  chlo¬ 
ride  adduct,  carbon  disulfide  and  phosphorusthiochloride  are  formed. 
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NEW  METHODS  OF  PREPARING  ALK  Y LDICHLOROPHOSPHINES 


AND  DIALKYLCHLOROPHOSPHINES* 

I.  P.  Komkov,  K.  V.  Karavanov  and  S.  Z.  Ivin 


The  literature  describes  several  ways  of  preparing  alkyldichlorophosphines;  these  ways  in  general  are  not 
very  convenient.  One  of  the  first  methods  described  was  based  on  the  reaction  between  dialkylmercury  and  phos¬ 
phorus  trichloride  [1].  A  known  method  of  preparing  aryldichlorophosphones  involves  a  reaction  between  phos¬ 
gene  and  arylphosphines  [2],  In  the  presence  of  organic  peroxides  phosphorus  trichloride  will  add  to  olefins, 
forming  2-chloroalkyldichlorophosphInes  [3].  Alkyldichlorophosphines  can  also  be  prepared  by  alkylating  phos¬ 
phorus  trichloride  with  tetraethyl  lead  [4J,  or  with  organocadmium  compounds  [5], 

Only  one  method  of  synthesizing  dialkylchlorophosphines  is  known  which  involves  a  thermal  decomposi¬ 
tion  of  trialkyldichlorophosphines  [6,  7].  However,  this  method  is  frequently  not  reproducible. 

We  have  worked  out  new  and  convenient  methods  of  preparing  alkyldichlorophosphines  (I)  and  dialkyl¬ 
chlorophosphines  (II).  These  methods  are  based  on  the  reduction  of  alkyltetrachloro  and  dialkyltrichlorophosphines' 
aluminum  chloride  adducts  with  metallic  aluminum,  red  phosphorus,  and  metallic  sodium  in  the  presence  of 
freshly  dried  (in  the  oven)  potassium  chloride.  The  reactions  proceed  according  to  equations: 


RPGla  +  2KCI  •  AICI3 


(I)  RPCI4.AICI3  RPCI2  + PCI3  + AICI3.KCI 


RPCla  +  NaCl  •  AICI3 


(II)  R,PCl3  .  AICI3  R2PCI  +  AICI3  •  KGl 


Potassium  chloride  is  used  to  tie-up  aluminum  chloride  and  increases  the  yields  of  alkyl  and  dialkylchloro¬ 
phosphines  considerably.  When  metallic  sodium  is  used  as  the  reducing  agent,  potassium  chloride  is  not  involved 
in  the  reaction,  since  in  this  case  the  sodium  chloride  formed  in  the  reduction  process  takes  Its  place. 

It  should  be  noted,  that  powdered  aluminum  metal  turned  out  to  be  the  most  convenient  reducing  agent. 
When  red  phosphorus  was  used  in  the  reaction,  it  formed  phosphorus  trichloride,  which  complicated  the  separa¬ 
tion  of  alkyl  and  dialkylchlorophosphines.  The  reaction  with  metallic  sodium  proceeded  very  vigorously,  some¬ 
times  with  Rashes  of  fire,  and  consequently  the  yields  of  final  products  were  decreased. 

The  starting  aluminum  chloride  adducts  of  alkyltetrachloro  and  dialkyltrichlorophosphines  were  available 
and  could  easily  be  prepared  from  alkyl  chlorides,  aluminum  chloride  and  phosphorus  trichloride  or  alkyldichloro- 
phosphine  respectively  [8]. 

In  order  to  investigate  the  properties,  and  also  to  confirm  the  structures  of  dimethyl,  methylethyl,  and 
diethylchlorophosphines  obtained  from  the  adducts,  we  added  sulfur  to  them. 

*  S.  Z.  Ivin  participated  in  working  out  the  method  of  preparing  dialkylchlorophosphines. 
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R2l"Cl  f  S 


R2P 


\ci 


We  isolated  dimethyl,  methylethyl,  and  diethylthiophosphinyl  chloride  respectively.  The  constants  of 
the  latter  agreed  with  the  literature  data  [7],  Addition  of  sulfur  to  dialkylchlorophosphines  proceeded  consider¬ 
ably  easier  than  addition  to  alkyldichlorophosphines. 

EXPERIMENTAL 

Methyldichlorophosphine.  Weplaced  into  a  Claisen  flask  50.0  g  of  methyltetrachlorophosphine— alumi¬ 
num  chloride  adduct  and  lO^oof  the  calculated  amount  of  mixture,  consisting  of  2,7  g  aluminum  powder  and 
23.2  g  of  freshly  dried  (in  an  oven)  potassium  chloride.  The  reaction  mixture  was  thoroughly  mixed  and  care¬ 
fully  heated  till  it  began  to  melt.  To  the  slightly  melted  reaction  mixture  we  gradually  added  the  remaining 
90%  of  the  aluminum  and  potassium  chlorides;  at  the  same  time  the  reaction  mixture  was  being  carefully  heated. 
A  considerable  amount  of  heat  was  evolved  in  the  reaction.  After  the  whole  amount  of  mixture  (Aids  +  **^C1) 
was  added,  the  products  were  distilled.  We  obtained  13.2  g  (72%)  of  methyldichlorophosphine. 

B.  p.  81-82*  at  760  mm,  n*®D  1.4960,  d*®4  1.3039. 

Found  %:  d  60.57,  60.40;  P  26.35  ,  26.44,  CHsdjP.  Calculated  %:  Cl  60.78;  P  26.48. 

Ethyldichlorophosphine .  a)  We  obtained  26.0  g  (67%)  of  ethyldichlorophosphine  from  100  g  of  ethyltetra- 
chlorophosphine— aluminum  chloride  adduct,  5.4  g  of  aluminum  powder,  and  45  g  of  potassium  chloride. 

B.  p.  113-114*  at  752  mm,  n*®D  1.493,  d*“4  1.2592. 

Found  %:  Cl  54.03,  53.95;  P  23.98,  23.86.  C2H5CI2P.  Calculated  %:  Cl  54.18;  P  23.64. 

b)  We  placed  into  a  Claisen  flask  80  g  of  ethyltetrachlorophosphine— aluminum  chloride  adduct,  then 
slowly  added  in  small  portions  4.92  g  of  dry  red  phosphorus,  heating  the  complex  meanwhile  to  its  melting 
point.  After  the  reaction  mixture  cooled  to  15-20*,  we  added  17.7  g  of  freshly  dried  (in  an  oven)  potassium 
chloride  and  distilled  the  mixture.  We  obtained  22.0  g  (70.5%)  of  ethyldichlorophosphine. 

B.  p.  113-114*  at  752  mm,  n*®D  1.4928,  d*®4  1.2589. 

Found  %;  Cl  54.21.  54.30.  QH5CI2P.  Calculated  %;  Cl  54.18. 

c)  We  placed  into  a  Claisen  flask  10.0  g  of  ethyltetrachlorophosphine -aluminum  chloride  adduct  heated 
it  to  40-60*,  and  very  slowly  added  1.37  g  of  finely  dispersed  (prepared  according  to  Bruhl)  metallic  sodium. 

The  reaction  proceeded  very  vigorously  with  considerable  evolution  of  heat.  We  obtained  2.7  g  (70%)  of  ethyl¬ 
dichlorophosphine. 

B.  p.  113-114*  at  752  mm,  n*®D  1.4928,  d*®4  1.2588. 

Found  %;  Cl  54.25,  54.34;  P  23.68,  23.75.  C2H5CI2P.  Calculated  %:  Cl  54.18;  P  23.64. 

Dimethylchlorophosphine.  We  obtained  18.5  g  of  dimethylchlorophosphine  from  100  g  of  dimethyltri- 
chlorophosphine— aluminum  chloride  adduct,  5.98  g  of  aluminum  powder,  and  41.25  g  of  freshly  dried  (in  an 
oven)  potassium  chloride.  The  boiling  point  was  77-79“  at  756  mm.  To  this  technical  grade  dimethylchloro¬ 
phosphine  we  added  sulfur.  The  resulting  dimethylthiophosphinyl  chloride  had  a  b.  p.  82-83*  at  16  mm,  and 
n*®D  1.542,  d*®4  1.2625;  the  constants  of  this  compound  agreed  with  those  of  a  sample  previously  prepared  by 
a  different  method. 

Methylethylchlorophosphine .  From  94.5  g  of  methylethyltrichlorophosphine— aluminum  chloride  adduct, 
5.4  g  of  aluminum  powder,  and  37.2  g  of  freshly  dried  (in  an  oven)  potassium  chloride  we  obtained  22.7  g 
(68.3%)  of  methylethylphosphine.  Its  boiling  point  was  100.5-101.5*  at  759  mm  and  40-41*  at  73  mm,  n*®D 
1.474,  d*®4  1.0467. 

Diethylchlorophosphine.  We  prepared  25.6  g  (66%)  of  diethylchlorophosphine  from  98.7  g  of  diethyltri- 
chlorophosphine- aluminum  chloride  adduct,  5.4  g  of  aluminum  powder,  and  37.2  g  of  freshly  dried  (in  an  oven) 
potassium  chloride. 
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B.  p.  61-62*  at  72  mm,  n*®D  1.472,  cl*®4  1.0233. 

Found  Cl  29.06,  29.12;  P  24.00  ,  23.93;  C  38.98,  38.97.  C4HioClP.  Calculated  °hi  Cl  28.46; 

P  24.87;  C  38.57. 

Methylethylthiophosphinyl  chloride.  To  11  g  of  methylethylchlorophosphine  we  slowly  added  3.2  g  of 
sulfur.  Then  the  mixture  was  heated  for  40  minutes  at  45-50*  and  distilled  in  vacuo.  We  obtained  11.9  g 
(83.7*5^)  of  material. 

B.  p.  90-91*  at  11  mm,  n*®D  1.531,  d*®4  1.1815. 

Found  Cl  25.02,  24.98;  P  21.33,  21.36;  S  22.45,  22.49.  CjHgaSP.  Calculated  Cl  24.91; 

P  21.74;  S  22.45. 

Diethylthiophosphinyl  chloride.  From  12.4  g  of  diethylchlorophosphine  and  3.2  g  of  sulfur  we  obtained 
13.2  g  (84.6%)  of  diethylthiophosphinyl  chloride. 

B.  p.  93-94*  at  6  mm,  n*®D  1.5286,  d*®4  1.1549. 

Found  %:  Cl  22.86,  23.17;  P  19.58,  19.53;  S  20.22,  20.14.  C4H10CISP.  Calculated*^;  Cl  22.64; 

P  19.85;  S  20.44. 

SUMMARY 

1.  A  new  method  of  preparing  alkyldichlorophosphines  has  been  worked  out;  it  involves  a  reduction  of 
alkyltetrachlorophosphine— aluminum  chloride  adducts  with  metallic  aluminum,  red  phosphorus,  or  metallic 
sodium.  We  also  prepared  methyldichlorophosphine,  which  has  not  been  until  now  described  in  the  literature. 

2.  A  new  method  of  preparing  dialkylchlorophosphines  was  discovered.  The  method  is  based  on  the  re¬ 
action  between  dialkyltrichlorophosphine- aluminum  chloride  adducts  and  aluminum  metal. 

3.  We  carried  out  an  addition  of  sulfur  to  dimethyl,  methylethyl,  and  diethylchlorophosphine  and  iso¬ 
lated  the  corresponding  compounds,  of  which  the  dimethyl thiophosphinyl  chloride  was  not  previously  described 

*1  in  the  literature. 
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HALOGEN  DISPLACEMENT  IN  AZO  COMPOUNDS 


V.  REACTION  OF  THE  COPPER  COMPLEX  OF  2-CHLOROBENZENEAZO-2’-NAPHTHOL 

WITH  ALKOXIDES 

M.  A.  Andreeva  and  B.  I,  Stepanov 


To  explain  the  mechanism  of  halogen  substitution  in  o-haIo“0'-hydroxyazodyes  in  the  presence  of  copper 
salts  [1],  it  was  essential  to  determine  whether  it  was  possible  to  carry  out  this  reaction  in  the  absence  of  free 
copper  salts  by  using  a  copper  complex  of  the  halo  dye.  With  this  in  mind,  we  studied  the  reactions  of  the 
copper  complex  of  2-chlorobenzeneazo-2'-naphthol  (azo  dye  from  2-chloroaniline  and  2-naphthol)  with  n- 
butyl  and  benzyl  alkoxides. 

The  copper  complex  of  the  halo  dye  was  prepared  by  a  slightly 
modified  method  of  G.  B.  Crippa  [2]  —  heating  in  acetone  (in  place  of 
alcohol)  with  a  copper- ammonia  solution.  Analytical  data  indicated 
that  the  complex  contained  one  copper  atom  per  two  dye  molecules  and, 
apparently,  had  the  structure  (I). 

The  reactions  of  complex  with  sodium  butoxide  and  benzoxide  were 
carried  out  in  solutions  of  corresponding  alcohols  for  8  hours  at  100-103*. 
Dyes  in  which  the  chlorine  was  replaced  by  butoxy  and  benzoxy  groups 
respectively  were  isolated  in  94.3  and  95.0%  yields  from  the  reaction 
products.  Thus,  the  substitution  of  chlorine  in  a  copper  complex  by  an 
alkoxy  group  proceeded  almost  quantitatively  in  the  absence  of  free  cop¬ 
per  salts.  Dyes  were  identified  by  mixed  melting  points. 

EXPERIMENTAL 

Preparation  of  the  copper  complex.  We  dissolved  5  g  of  azo  dye  (made  fron,  2»chloroaniline  and  2-naph¬ 
thol,  m.  p.  167*,  see  [1])  in  600  ml  of  hot  acetone.  To  the  cooled  solution  we  added  a  copper— ammonia  solu¬ 
tion  prepared  from  15  g  of  copper  sulfate.  25  ml  of  25%  ammonia,  and  25  ml  of  water.  The  mixture  was  gently 
refluxed  for  2  hours,  after  which  450  ml  of  acetone  were  distilled  off.  On  the  following  day  the  precipitate  was 
filtered  out,  washed  with  dilute  ammonia  to  remove  all  traces  of  copper,  then  with  water  and  dilute  alcohol, 
after  which  it  was  dried  to  a  constant  weight.  We  obtained  5.37  g  (96.9%)  of  complex  in  the  form  of  greenish- 
black,  shiny  flakes,  m.  p.  252-253*.  Complex  was  insoluble  in  water,  highly  soluble  in  all  organic  solvents. 

Found  %:  C  61.10,  61.04;  H  3.40,  3.45;  N  9.05,  9.11.  C32H2oOiN4Cl2Cu.  Calculated  %:  C  61.29;  H  3.21; 

N  8.94. 

Reaction  of  the  complex  with  sodium  butoxide.  We  put  1.57  g  of  the  copper— dye  complex  into  a  sodium 
butoxide  solution  (prepared  by  dissolving  0.17  g  of  sodium  metal  in  15  ml  of  n-butyl  alcohol  (b.  p.  IIT)),  and 
refluxed  the  mixture  with  stirring  for  8  hours  at  100-103*.  The  hot  reaction  mixture  was  filtered  and  allowed 
to  stand  till  the  morning.  The  precipitate  that  formed  overnight(No.  1)  was  filtered  out,,  washed  with  a  small 
amount  of  water  and  dried  (1.42  g);  after  that,  it  was  refluxed  for  1  hour  in  50  ml  of  hydrochloric  acid  diluted 
to  double  its  volume.  After  the  solution  cooled,  the  precipitate  was  filtered  out,  washed  with  water  to  remove 
chloride  ions,  and  dried.  The  weight  was  1.1  g,  m.  p.  115.2-116.8*.  Chlorine  was  absent.  A  sample  mixed 
with  known  butoxy-substituted  dye  (m.  p.  116-117*,  [1])  melted  at  116.8-117*. 
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After  the  precipitate  (No.  1)  was  filtered  out,  0.13  g  of  another  (No.  2)  precipitate  formed  in  the  filtrate 
during  the  following  two  days.  After  the  above  described  treatment  with  HCl  it  weighed  0.1  g,  m.  p.  106-113*. 
Chlorlne.was  absent.  The  substance  was  recrystallized  twice  from  acetone,  m.  p.  118-119.5*.  A  sample  mixed 
with  butoxy-substituted  dye  melted  at  117-119*. 

After  removal  of  precipitate  (No.  2)  the  filtrate  was  evaporated  to  dryness  in  vacuo.  The  residue  (greenish- 
black  flakes)  was  treated  as  described  above. 

It  weighed  0.31  g,  m.  p.  90-100*.  Chlorine  was  absent.  After  two-fold  recrystallization  from  acetone  it 
melted  at  116.2-118.5*.  Mixed  with  known  butoxy-substituted  dye  it  melted  at  117-119*. 

The  total  amount  of  butoxy-substituted  dye  obtained  was  1.51  g  (94.3%). 

Reaction  of  the  complex  with  sodium  benzoxide.  The  amounts  of  reagents  and  reaction  conditions  were 
the  same  as  before,  except  that  the  alcohol  was  benzyl  (b.  p.  204-206*).  The  hot  reaction  mixture  was  filtered 
(filtrate  No.  1)  and  a  small  amount  of  residue  was  washed  on  the  filter  with  benzyl  alcohol  till  it  gave  clear 
filtrates  (the  residue  would  not  burn).  Precipitate  No.  1,  which  formed  in  filtrate  No.  1  after  two  days,  was  fil¬ 
tered  out,  pressed  out  (filtrate  No.  2)  washed  with  water  to  remove  remaining  benzyl  alcohol,  and  dried.  The 
weight  was  0.96  g,  m.  p.  149.5-150.5*.  Chlorine  was  absent.  After  recrystallization  from  a  chlorobenzene- 
ethyl  alcohol  mixture  it  melted  at  152-153*.  Mixed  with  known  benzoxy-substituted  dye  (m.  p.  152-153^,  see 
[3])  it  melted  at  152-153.2*. 

The  filtrate  (Nos.  1  and  2)  were  combined  and  evaporated  in  vacuo  at  101-103*  (bath  temperature  110-115*) 
almost  to  dryness.  The  residue  was  refluxed  for  1  hour  in  30  ml  of  two-fold  diluted  hydrochloric  acid,  after  which 
the  precipitate  (No.  2)  was  filtered  out,  washed  with  hot  water  to  remove  chloride  Ions,  and  dried.  The  weight 
was  0.72  g,  m.  p.  134.7-145*.  Chlorine  was  absent.  After  two-fold  recrystallization  from  a  chlorobenzene 
ethyl  alcohol  mixture  it  melted  at  151-153*.  Mixed  with  known  benzoxy-substituted  dye  it  melted  at  152-153*. 

The  total  amount  of  benzoxy-substituted  dye  obtained  was  1.68  g  (95.0%). 

SUMMARY 

1.  A  copper  complex  of  an  azo  dye  from  2-chloroaniline  and  2-naphthol  was  prepared. 

2.  When  the  copper  complex  of  the  azo  dye  (from  2-chIoroaniline  and  2-naphthol)  was  reacted  in  the 
absence  of  free  copper  salts  with  sodium  butoxide  and  benzoxide  in  solutions >0!  corresponding  alcohols,  the 
chlorine  was  substituted  quantitatively  by  butoxy  and  benzoxy  radicals. 
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HALOGEN  DISPLACEMENT  IN  AZO  COMPOUNDS 

VI.  SUBSTITUTION  OF  CHLORINE  BY  A  METHOXY  GROUP  IN 
2-HYDROXY-8’-CHLORO-(l,l’)-AZONAPHTHALENE  AND  IN  ITS  COPPER  COMPLEX 

B.  I.  Stepanov  and  V.  A.  Savel'ev 


In  a  preceeding  communication  [1]  it  was  shown  that  when  2-chlorobenzeneazo-2'-naphthoI  (I)  reacted 
with  alkoxides  in  the  absence  of  free  copper  salts,  chlorine  was  quantitatively  replaced  by  alkoxy  groups.  The 
high  activity  of  chlorine  in  this  complex  can  be  explained  by  the  formation  of  a  positive  charge  (as  a  result  of 
participation  in  a  coordinate  bond)  on  the  azo  nitrogen  which  is  ortho  to  the  chlorine  and  influences  the  chlo¬ 
rine-benzene  bond  strength.  If  that  were  so,  then  the  chlorine  in  a  copper  complex  of  2-hydroxy-8*-chloro- 
(1,1')- azonaphthalene  (II)  should  not  be  as  active,  since  the  effect  of  a  positively  charged  nitrogen  on  the 
chlorine  — naphthalene  bond  in  a  periposition  would  be  insignificant. 


(ii) 


The  1,8-aminochloronaphthalene  needed  in  the  synthesis  of  starting  compound,  2-hydroxy-8'-chloro- 
(l,l')-azonaphthalene  (azo  dye  from  1,8-aminochloronaphthalene  and  2-naphthol),  was  prepared  by  chlorina¬ 
tion  of  1-nitronaphthalene  in  the  presence  of  antimony  trichloride,  and  subsequent  reduction  of  1,8-nitrochloro- 
naphthalene. 

2-Hydroxy-8'-chloro-(l,l')-azonaphthalene  was  refluxed  (72-75*)  for  14  hours  with  sodium  methoxide 
and  copper  sulfate  in  a  methanol— toluene  mixture  (1:2  by  volume).  Under  these  conditions  chlorine  was 
quantitatively  replaced  by  methoxy  groups,  and  the  reaction  products  was  separated  as  a  copper  complex  easily 
cleaved  with  boiling  hydrochloric  acid.  Experiments  in  the  absence  of  copper  salts  gave  negative  results.  In 
methanol,  without  any  toluene  added,  the  dye  reacted  with  sodium  methoxide  much  slower,  and  the  reaction 
took  several  days,  evidently,  because  of  the  lower  boiling  point  of  the  reaction  mixture  (64-66*).  Reduction 
and  cleavage  of  the  2-hydroxy-8'-methoxy-(l,l')-azonaphthalene  gave  l-amino-8-methoxynaphthalene, 
characterized  as  N- acetyl  derivative. 

Thus  the  data  in  patent  [2],  which  stated  that  chlorine  in  perichloro-o’-hydroxyazo  dyes,  was  as  highly 
active  as  in  o-chloro-o'-hydroxyazo  dyes  was  confirmed. 

The  copper  complex  of  2-hydroxy-8'-chloro-(l,l')-azonaphthalene  was  prepared  by  Crippa's  method  [3] 
-  dye  was  reacted  with  an  copper— ammonia  solution  in  hot  methanol.  The  reaction  of  copper  complex  with 


2997 


•  I 

•  I 

•  I 

fl 
« » 


sodium  methoxide  was  carried  out  by  refluxing  them  (72-75*)  for  15  hours  in  a  methanol- toluene  (1  ;2  by  vol¬ 
ume)  solution  and  without  addition  of  any  free  copper  salts.  The  substitution  of  chlorine  by  a  methoxy  group 
was  quantitative.  Consequently,  we  do  not  exclude  the  possibility  that  in  the  presence  of  copper  salts  the  re¬ 
placement  of  chlorine  in  perichloro-o'-hydroxyazo  dyes  in  a  reaction  with  alkoxides  proceeds  through  the 
formation  of  an  intermediate  copper  complex. 

The  methoxy-substituted  dye  obtained  can  be  used  to  dye  acetate  fibers  by  the  suspension  method. 

EXPERIMENTAL 

Preparation  of  1,8-aminochloronaphthalene.  The  chlorination  of  1-nitronaphthalene  was  done  essentially 
by  the  method  of  Atterberg  [4],  except  that  antimony  trichloride  was  used  as  a  catalyst  in  place  of  ferric  chlo¬ 
ride.  We  heated  150  g  of  1-nitronaphthalene  (m.  p.  58.5*)  and  3  g  of  antimony  trichloride  to  60*  and  bubbled 
chlorine  through  the  melt;  bubbling  was  accompanied  by  vigorous  stirring  and  continued  till  the  weight  of  mix¬ 
ture  reached  30  g  (3.5  hours,  60-1&).  The  reaction  mixture  was  extracted  with  400  ml  of  hot  methyl  alcohol, 
and  the  insoluble  parts  were  filtered  out;  on  the  following  day  we  filtered  out  the  precipitate  which  formed  in 
methanol  on  standing,  dried  and  recrystallized  it  from  glacial  acetic  acid.  The  weight  of  product  was  65  g, 
m.  p.  89-91*.  After  another  recrystallization  from  glacial  acetic  acid  we  obtained  50  g  of  1,8-nitrochloronaph- 
thalene,  m.  p.  92-92.5*  (according  to  [5],  m.  p.  94*).  After  the  first  and  second  recrystallization  it  was  possible 
to  isolate  from  the  filtrates  and  purify  42-45  g  (after  several  recrystallizations)  of  1,8-nitrochloronapthalene. 

1,8-Nitrochloronaphthalene  was  reduced  by  the  method  of  Cason  and  Wordie  [6],  except  that  the  quantity 
of  iron  powder  was  increased.  We  refluxed  40  g  of  1,8-nitrochloronaphthalene,  80  g  of  iron  powder,  115  ml  of 
water,  and  4  ml  of  concentrated  hydrochloric  acid  for  8  hours  with  stirring;  during  the  reaction  we  added  extra 
12  ml  of  hydrochloric  acid  in  2  ml  portions.  After  the  mixture  cooled,  we  added  to  it  30  ml  of  25%  ammonia, 
filtered  out  the  precipitate,  and  separated  1,8-aminochloronaphthalene  from  the  sludge  by  extracting  it  with 
ethyl  alcohol  in  a  Soxhlet  liquid  extractor.  The  extract  was  diluted  with  water  to  twice  its  volume,  while  the 
precipitaed  amine  was  quickly  filtered  out,  refluxed  in  800  ml  of  1%  hydrochloric  acid.  The  amine  hydro¬ 
chloride  solution  was  filtered  to  remove  insoluble  constituents;  addition  of  ammonia  (till  the  solution  became 
weakly  basic)  precipitated  free  1,8-aminochloronaphthalene,  which  was  filtered  out  and  dried  at  40*.  The 
yield  was  30  g  (90%),  m.  p.  87-89*  (according  to  lit.  data  [7],  m.  p.  88-89*). 

Preparation  of  2-hydroxy-8'-chloro(l,l*)-azonaphthalene.  We  dissolved  20  g  of  1,8-aminochloronaph¬ 
thalene  at  60-70*  in  150  ml  of  water  and  11  ml  of  concentrated  hydrochloric  acid;  having  cooled  the  solution 
by  the  addition  of  ice  (50  g)  we  added  to  it  8  ml  of  sulfuric  acid  and  during  the  next  10  minutes  we  added  24  ml 
of  40%  sodium  nitrate  while  the  reaction  mixture  was  kept  at— 3*  (by  external  cooling  and  addition  of  100  g  of 
ice).  The  clear  solution  of  the  diazo  compound  was  cooled  to  0*  and  poured  (over  a  period  of  30  minutes)  into 
a  solution  of  2-naphthoxide  also  kept  at  0*  (naphthoxide  was  prepared  by  heating  20  g  of  2-naphthol  with  75  ml 
of  water  and  30  ml  of  30%  sodium  hydroxide  diluted  with  75  ml  of  water);  12  g  of  sodium  carbonate  (dried  in 
an  oven)  had  been  added  to  the  naphthoxide  before  the  reaction.  After  being  stirred  for  30  minutes  and  standing 
for  2  hours,  the  dye  was  filtered  out,  refluxed  for  20  minutes  with  300  ml  of  5%  sodium  hydroxide,  filtered  while 
hot,  washed  with  warm  water,  and  dried  at  80*.  The  dry  precipitate  was  refluxed  for  20  minutes  with  250  ml  of 
methanol,  filtered  out,  dried,  and  extracted  with  125  ml  of  toluene.  The  extract  was  dissolved  in  125  ml  of 
methanol,  and  the  dye,  which  crystallized  as  thin  deep- violet  bronzing  needles,  was  filtered  out  and  dried.  The 
yield  was  30  g  (80%),  m.  p.  161-162*.  2-Hydroxy-8*-chloro-(l,l’)-azonaphthalene  was  soluble  in  benzene, 
toluene,  acetone  and  glacial  acetic  acid,  very  slightly  soluble  in  methanol  and  ethanol,  insoluble  in  water. 

A  solution  in  concentrated  sulfuric  acid  was  violet. 

Found  %:  C  72.11,  71.92;  H  4.09,  3.99;  N  8.83.  QoHuON,Cl.  Calculated  %:  C  72.12;  H  3.93;  N  8.42. 

Reaction  of  2-hydroxy-8'-chloro-(l,l')-azonaphthalene  with  sodium  methoxide.  To  30  ml  of  toluene 
we  added  3  g  of  2-hydroxy-8'-chloro-(l,l')-azonaphthalene  (initial  dye)  mixed  with  1.5  g  of  copper  sulfate 
and  2  ml  of  methyl  alcohol;  after  thorough  mixing  we  added  to  the  mixture  0.7  g  of  sodium  dissolved  in  15  ml 
of  methanol.  The  reaction  mixture  was  refluxed  for  15  hours  (initial  temperature  72*,  at  the  end  of  reaction 
75*),  then  3/4  of  the  solvent  were  distilled  off.  On  the  following  day  the  remainder  was  extiacted  with  30  ml 
of  methyl  alcohol,  the  residue  filtered  out  and  refluxed  for  1  hour  with  50  ml  of  concentrated  hydrochloric  acid. 
This  mixture  was  diluted  with  30  ml  cf  water;  the  residue  was  filtered  out,  washed  to  remove  chloride  ions,  and 
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dried  at  75*.  The  yield  was  2.6  g  (90*70).  Recrystallization  from  benzene  gave  hexagonal  violet,  bronzing  flakes, 
m.  p.  172.5-173*  (according  to  lit.  data  [8],  m.  p.  17T).  Chlorine  was  absent.  The  methoxy- substituted  dye 
was  highly  soluble  in  benzene,  toluene,  acetone  and  glacial  acetic  acid,  not  so  soluble  in  methanol  and  ethanol, 
insoluble  in  water.  It  gave  a  violet  solution  in  concentrated  sulfuric  acid. 

Found  <7o:  C  76.28;  H  5.04;  N  8.52.  Calculated  C  76.81;  H  4.91;  N  8.53. 

We  reduced  1.2  g  of  methoxy- substituted  dye  dissolved  in  10  ml  of  water  by  refluxing  it  with  4  g  of 
stannous  chloride  and  10  ml  of  concentrated  hydrochloric  acid.  After  decoloration,  the  reaction  mixture  was 
cooled,  the  precipitate  filtered  out,  and  treated  with  25  ml  of  5*70  sodium  hydroxide  plus  0.1  g  of  sodium  hydro- 
sulfite.  The  part  that  did  not  dissolve  was  separated,  washed  with  a  small  amount  of  water  and  dissolved  in  a 
boiling  mixture  consisting  of  10  ml  water,  5  ml  concentrated  hydrochloric  acid,  and  5  ml  methanol.  The  solu¬ 
tion  was  cleared  by  boiling  with  activated  charcoal,  filtered  while  hot,  and  evaporated  to  half  its  initial  volume 
White  flaky  crystals  of  l-amino-8-methoxynaphthalene  precipitated,  were  filtered  out  and  dried  at  8Cr.  The 
yield  was  0.7  g.  To  prepare  the  N-acetyl  derivative  we  dissolved  0.3  g  of  l-amino-8-methoxynaphthalene 
hydrochloride  in  15  ml  of  water,  added  to  the  solution  1  g  of  sodium  acetate  dissolved  in  10  ml  of  water,  then 
(with  stirring)  poured  in  5  ml  of  acetic  anhydride.  A  white  crystalline  precipitate  was  filtered  out,  dried  at  60*, 
and  recrystallized  from  ethanol  diluted  with  an  equal  volume  of  water.  We  obtained  0.3  g  of  silvery-white, 
flaky  crystals,  m.  p.  127.5-128*  (according  to  lit.  data  [8],  m.  p.  128*).  The  N-acetyl  derivative  of  7-amino- 
8-methoxynaphthalene  was  highiy  soluble  in  ethanol  and  benzene. 

Found  *7o;  N  6.48.  CisH^OiN.  Calculated  *70:  N  6.50. 

Preparation  of  the  copper  complex  of  2-hydroxy-8'-chloro-(l,l')-azonaphthalene.  We  mixed  4  g  of  the 
original  dye  with  2.5  g  of  copper  sulfate  and  2  ml  of  methyl  alcohol  and  placed  them  in  50  ml  of  methyl  alco¬ 
hol;  to  all  this  we  added  5  ml  of  25*7©  ammonia  and  refluxed  for  12  hours  (at  66*)  with  stirring.  After  cooling, 
the  precipitate  was  filtered  out,  washed  with  10  ml  of  methanol,  and  dried  at  75*.  The  weight  was  5.85  g. 
Precipitate  was  extracted  with  100  ml  of  toluene,  then  60  ml  of  toluene  were  distilled  off.  The  deep-violet, 
powdery  copper  complex  of  the  original  dye,  which  precipitated  on  standing,  was  filtered  out  the  next  day  and 
dried  at  75*.  The  weight  was  3  g,  m.  p.  193-194*  (with  decomposition).  The  copper  complex  of  2-hydroxy-8’- 
chloro-(l,l')-azonaphthalene  was  high  soluble  in  benzene  and  toluene,  sparingly  in  methyl  alcohol. 

Found  *7):  C  66.36,  66.23;  H  3.39,  3.54;  N  7.68.  C4oH24Q{N4Cl2Cu.  Calculated  *7o:  C  66.07;  H  3.32; 

N  7.70. 

Reaction  of  the  copper  complex  of  2-hydroxy-8*-chloro-(l,l’)-azonaphthalene  with  sodium  methoxide. 

To  1  g  of  copper  complex  dissolved  in  10  ml  of  toluene  we  added  a  solution  of  sodium  methoxide  (0.25  g  of 
sodium  in  5  ml  of  methyl  alcohol)  and  refluxed  the  mixture  for  15  hours  (at  72-75*)  with  stirring.  The  solvent 
was  distilled  off  from  the  reaction  mixture  and  the  residue  refluxed  with  50  ml  of  concentrated  hydrochloric 
acid  for  1  hour;  after  that,  the  mixture  was  diluted  with  water,  the  residue  filtered  out,  washed  to  remove  chlo¬ 
ride  ions,  and  dried  at  75*.  The  weight  was  0.86  g,  m.  p.  170-172*.  Chlorine  was  absent.  After  recrystalliza¬ 
tion  from  benzene  it  melted  at  172-172.5*;  a  sample  mixed  with  known  methoxy-substituted  dye  did  not  lower 
the  melting  point.  The  yield  of  methoxy-substituted  dye  was  95.5*7o. 

We  want  to  thank  N.  N.  Borozhtsov  for  a  number  of  valuable  suggestions. 

SUMMARY 

1.  It  was  established,  that  when  2-hydroxy-8’-chloro-(l,l')-azonaphthalene  reacted  with  sodium  meth¬ 
oxide  in  the  presence  of  copjjer  salts  and  under  mild  conditions  (heating  on  a  water  bath  in  a  toluene-methanol 
mixture)  chloilne  was  quantitatively  replaced  by  a  methoxy  group,  and  that  consequently,  a  halogen  in  peri- 
halo-o'-hydroxyazo  dyes  was  as  active  as  in  o-halo-o*-hydroxyazo  dyes. 

2.  The  copper  complex  of  2-hydroxy-8'-chloro-(l,l’)-azonaphthalene  was  obtained  and  characterized. 

3.  It  was  discovered,  that  in  a  reaction  between  the  copper  complex  of  2-hydroxy-8’-chloro-(l,l*)-azo- 
naphthalene  and  sodium  methoxide  in  the  absence  of  free  copper  salt  chlorine  was  quantitatively  substituted  by 
a  methoxy  group. 

4.  The  method  of  preparing  1,8-aminochloronaphthalene  was  perfected. 
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SOME  ETHYLENIMINO-l,3,5-TRIAZINES 


G.  I.  Braz,  V.  K.  Antonov  and  K.  N.  Kurdiumova 


As  is  known,  2,4,6-triethylenimino-l,3,5-triazine  (TET)  has  already  been  used  for  the  last  4-6  years  to 
treat  certain  neoplasms,  mainly  leukoses.  However,  the  applicability  of  TET  is  limited  to  a  large  extent  by  its 
unusually  high  toxicity.  In  search  of  compounds  possessing  higher  chemotherapeuthlc  indices,  and  in  continua¬ 
tion  of  a  work  published  by  one  of  us  [1]  we  synthesized  compounds  (I)-(X),  which  were  structurally  related  to 
TET  but  contained  two  ethylenlmine  groups  alongside  amino,  alkoxy,  or  alkylmercapto  groups. 


R 


(I)-(X) 


(1)  R  =  CH3NH-,  VI)R  =  0  n-cii,ch,nh-, 

\ _ / 


(II)  R  =  C,H,CH,NH-, 

(VII)  R  =  (C,H,),NCH,CH,0-, 

(III)  R  =  <^ 

/ - \ 

(VIII)  R  =  /  N-CH,CH,0-, 

\_/ 

(IV)  R  =  (^  'k-  , 

\ _ / 

/ - \ 

(IX)  R  =  0  N-CH,CH,0-. 

\ _ / 

(V)R  =  /  N-CH,CH,NH—, 

(X)  R  =  C,H,CH,S-. 

These  compounds  were  prepared  by  condensing  2,4-diethylenlmino-6-chloro-l,3,5-triazine  with  corres¬ 
ponding  amines  or  sodium  alkoxides  and  mercaptides  in  a  anhydrous  solvent.  For  the  sake  of  comparison,  cer¬ 
tain  aminodiethylcniminotriazines  were  also  synthesized  by  condensing  corresponding  2-amino-4,6-dichloro- 
1,3,5-triazines  with  ethylenlmine.  In  particular,  we  prepared  by  the  latter  method  2-methylamino-4 ,6-diethyl' 
enimino-l,3,5-triazine  (I),  which  had  already  been  described  by  American  workers  [2]  who  synthesized  it  in  a 
slightly  different  way. 

The  synthesized  ethyleniminotriazines,  when  pure,  were  white  crystalline  compounds  and  could  be  stored 
at  low  temperatures  for  a  long  time  without  decomposition.  The  only  exception  was  2-benzylamino-4,6- 
diethylenimino-l,3,5-triazine  (11),  which  was  obtained  as  a  white  amorphous  powder  and  could  not  be  recrystal¬ 
lized  from  ordinary  solvents. 

The  biological  research  on  the  compounds  described  in  this  work  was  carried  out  by  L.  F.  Larionov  and 
E.  M.  Shamaeva  in  the  Chemotherapy  Laboratory  of  our  Institute.  The  results  obtained  will  be  reported  some¬ 
where  else. 


r'S 


EXPERIMENTAL 

2-Methylamino-4,6-dIethylenimino-l,3,5-triazine  (I).  A  solution  containing  2.5  g  of  2-methylamino- 
4,6-dichloro-l,3,5-triazine  [3]  in  50  ml  of  benzene  was  added  with  stirring  at  20-25*  to  3.5  ml  of  ethylenlmine 
dissolved  in  50  ml  of  anhydrous  chloroform;  the  mixture  was  stirred  for  4  hours  and  left  standing  overnight.  After 
this,  the  solution  was  decanted  from  the  polymer  deposited  on  the  walls  of  the  flask,  evaporated  in  vacuo  with¬ 
out  heating,  and  the  remaining  oil  was  triturated  in  petroleum  ether  (40-60*  fraction).  The  resulting  solid  was 
recrystallized  from  benzene— petroleum  ether  (1 :4)  mixture;  the  yield  was  0.32  g  (12%),  m.  p.  120-122*  (with 
decomp.).  After  additional  recrystallization  from  a  benzene— petroleum  ether  (1:2)  mixture,  m.  p.  123-124* . 

Found  %:  C  49.97;  H  6.24;  N43.il.  CsH^Ng.  Calculated  %:  C  49.93;  H  6.29;  N  43.73. 


3001 


The  white  needle-shaped  crystals  were  soluble  in  water,  benzene,  ethyl  alcohol,  chloroform,  and  ethyl 
acetate,  slightly  soluble  in  ether. 

In  the  condensation  of  2-methylamino-4,6-dichloro-l,3,5-triazfne  with  methylamine  in  benzene  solution 
we  were  able  to  substitute  only  one  chlorine.  We  dissolved  0.36  g  of  methylaminodichlorotriazine  in  25  ml  of 
anhydrous  benzene  and  added  this  solution  dropwise  with  stirring  at  7-10*  to  0.42  ml  of  ethylenimine  dissolved 
in  5  ml  of  anhydrous  benzene;  the  mixture  was  stirred  for  2  hours  at  25-30*  then  heated  to  75*.  Meanwhile, 
the  precipitate  which  had  formed  earlier  redissolved.  The  hot  solution  was  filtered,  and  the  filtrate  evaporated 
in  vacuo  without  heating,  leaving  behind  0.25  g  of  2-methylamino-4-ethylenimino-6-chloro-l,3,5-triazine, 
m.  p.  147*  (the  capillary  was  lowered  into  the  apparatus  at  145*,  the  temperature  rise  was  4’  per  minute).  After 
recrystallization  from  toluene,  m.  p.  151*. 

Found  C  38.99;  H  4.29;  Cl  19.20.  QHjI^Cl.  Calculated  %:  C  38.82;  H  4.29;  Cl  19.10. 

The  white  needles  were  soluble  in  chloroform,  ethyl  acetate,  dioxane,  sparingly  soluble  in  cold  benzene, 
alcohol,  ether,  and  water. 

2-  Benzylamino-4 ,6  -diethylenimino- 1 ,3 ,5-triazine  (11).  a)  To  a  solution  containing  1.34  ml  of  benzyl- 
amine  in  20  ml  of  anhydrous  chloroform  we  added  gradually  at  5-7*  with  stirring  1.1  g  of  2-chloro-4,6-diethyl- 
enimino-1, 3 ,5-triazine  dissolved  in  20  ml  of  anhydrous  chloroform;  the  mixture  was  stirred  for  10  more  minutes 
at  8*  and  4  hours  at  25-2T,  then  left  standing  overnight.  After  that,  benzylamine  hydrochloride  was  filtered 
out,  the  filtrate  evaporated  in  vacuo  without  heating,  the  remaining  oil  triturated  several  times  in  petroleum 
ether  (40-60*  fraction)  and  decanted;  the  residue  was  dissolved  in  a  small  quantity  of  chloroform  and  poured 
out  with  constant  agitation  into  acetone  cooled  to  -30,  -4(f .  The  solidified  material  was  filtered  with  suction 
and  reprecipitated  in  the  same  manner.  The  yield  was  1.1  g  (73%).  2- Benzylamino-4 ,6-diethylenimino- 1,3 ,5- 
triazine  was  an  amorphous  powder,  which  softened  at  ~80*  and  melted  at  ~130*. 

Found  %:  C  63.05;  H  6.34.  C14H16N6.  Calculated  %:  C  62.66;  H  6.01. 

Benzylaminodiethyleniminotriazine  was  soluble  in  chloroform,  dichloroethane,  sparingly  soluble  in  ace¬ 
tone,  ether,  and  water. 

b)  We  poured  (with  vigorous  stirring)  1.84  g  of  tricyanogen  chloride  dissolved  in  4  njl  of  dioxane  into 
6  ml  of  water,  the  solution  was  cooled  to  0*  and  at  0-5*  we  gradually  added  to  it  a  mixture  of  1.07  g  of  benzyl- 
amine  and  0.4  g  of  sodium  hydroxide  dissolved  in  10  ml  of  water;  the  reaction  mixture  was  stirred  for  1.5  hours 
at  0-5*,  and  the  precipitated  substance  filtered  out  and  washed  with  water.  The  yield  of  2-benzylamino-4,6- 
dichloro- 1,3 ,5-triazine  was  2.1  g  (80.2%),  m.  p.  113-117*.  We  purifiejd  the  substance  by  dissolving  it  in  chloro¬ 
form,  filtering,  distilling  off  the  solvent  and  recrystallizing  the  residue  from  petroleum  ether  (40-60*  fraction). 
The  melting  point  was  116.3-117.8*. 

Found  %:  C  47.0;  H  3.17;  Cl  27.81.  C10H1N4CI2.  Calculated  %:  C  47.05;  H  3.16;  Cl  27.82. 

The  white  needles  were  insoluble  in  water,  soluble  in  chloroform,  ethyl  acetate,  and  dioxane. 

We  added  at  20*  with  stirring  0.5  g  of  benzylaminodichlorotriazine  dissolved  in  15  ml  of  anhydrous  ben¬ 
zene  to  0.47  ml  of  ethylenimine  in  5  ml  of  anhydrous  benzene;  the  mixture  was  stirred  for  1.5  hours,  filtered, 
and  the  filtrate  evaporated  in  vacuum.  The  remaining  oil  was  treated  as  indicated  in  Section  a.  The  yield  of 
benzylaminodiethyleniminotriazine  was  0.12  g  (23%). 

2-(N- Pijeridyl)  -4 ,6-diethylenimino- 1,3 ,5-triazine  (III),  a)  We  condensed  in  anhydrous  chloroform 
1.4  g  of  2-chloro-4,6-diethylenimino-l,3 ,5-triazine  with  1.55  ml  of  piperidine  in  a  manner  already  described 
for  2-benzylamino-4,6-diethylenimino-l,3,5-triazrne.  After  evaporation  of  chloroform  from  the  reaction  mix¬ 
ture  filtrate  there  remained  a  crystalline  precipitate  which  was  recrystallized  from  a  benzene— petroleum  ether 
(1 :3)  mixture.  The  yield  of  piperidyldiethyleniminotriazine  was  1.23  g  (70%),  m.  p.  130-131*  (with  decomp.). 
Before  analysis  the  substance  was  again  recrystallized  from  the  same  solvents,  but  the  melting  point  remained 
unchanged. 

Found  %:  C  58.22;  H  7.38;  N  34.02.  CuHijNe.  Calculated  %:  C  58.51;  H  7.36;  N  34.12. 

The  white  prismoid  crystals  were  soluble  in  benzene,  chloroform,  methylene  chloride,  and  ethyl  acetate, 
insoluble  in  water  and  petroleum  ether. 
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b)  We  added  at --8,-13*  with  stirring  5.7  ml  of  piperidine  in  50  ml  of  anhydrous  ether  to  4.8  g  of  tri¬ 
cyanogen  chloride  in  100  ml  of  anhydrous  ether;  the  mixture  was  stirred  for  30  minutes  more  at  -13*,  filtered, 
and  the  precipitate  thoroughly  washed  with  warm  ether;  the  combined  filtrates  were  evaporated  to  dryness  and 
the  residue  recrystallized  from  petroleum  ether  (40-60*  fraction).  The  yield  of  2-piperidyl-4,6-dichl6ro-l,3,5- 
triazine  was  3.7  g  (61‘7o),  m.  p.  90-90.5*. 

Found  <7o;  C  41.62;  H  4.32;  N  24.02.  CgHioN4Cli.  Calculated  C  41.22;  H  4.32;  N  24.03. 

Piperidyldichlorotriazine  was  soluble  in  ether,  benzene,  and  chloroform,  insoluble  in  water. 

To  2,35  ml  of  ethylenimine  in  25  ml  of  anhydrous  benzene  we  added,  at  3-5*with  stirring,  2.33  g  of 
piperidyldichlorotriazine  in  25  ml  of  anhydrous  benzene;  the  mixture  was  stirred  for  4  hours  more  at  30-35*, 
left  overnight,  filtered,  and  the  filtrate  evaporated  in  vacuo.  After  the  residue  was  recrystallized  from  petro¬ 
leum  ether  the  yield  of  piperidyldiethyleniminotriazine  was  0.84  g  (3470). 

2-(N-Morpholinyl)-4,6-diethylenimino-l,3,5-triazine  (IV).  We  condensed  1.97  g  of  2,4-diethylenlmino- 
6-chloro-l,3,5-triazine  with  1.92  ml  of  morpholine  under  conditions  described  for  2-benzylamfno-4,6-diethyl- 
enimino-l,3,5-triazine  (Section  a).  After  removing  chloroform  from  the  filtrate,  we  triturated  the  residue  in 
petroleum  ether  and  recrystallized  from  a  benzene -petroleum  ether  (2.5  :1.5)  mixture.  The  yield  of  mor- 
pholinyldiethyleniminotriazine  was  1.26  g  (5l7o),  m.  p.  132-133.2*  (with  decomp.). 

Found  7o:  C  53.18;  H  6.50;  N  33.86.  CnHigONj.  Calculated  7o:  C  53.21;  H  6.49;  N  33.85. 

The  thin  needles  were  soluble  in  chloroform,  methylene  chloride,  less  soluble  in  benzene  and  ethyl  ace¬ 
tate,  slightly  soluble  in  water  and  petroleum  ether. 

b)  Into  a  solution  containing  2.4  g  of  tricyanogen  chloride  in  50  ml  of  dry  ether  we  poured  at  —15*  with 
stirring  2.48  g  of  morpholine  in  25  ml  of  ether;  the  solution  was  stirred  for  30  minutes  at  —15*,  filtered,  and  the 
precipitate  extracted  with  20  ml  of  boiling  benzene.  The  benzene  solution  was  filtered,  evaporated  in  vacuo, 
and  the  residue  (1.6  g)  recrystallized  from  a  benzene -petroleum  ether  (40-60*  fraction)  (1:1)  mixture.  The 
yield  of  2-N-morpholinyl-4,6-dichloro-l,3,5-triazine  was  1.24  g  (407o),  m.  p.  157.5-158.5*. 

Found  7o:  C  35.80;  H  3.45;  Cl  30.52.  C7HgON4Cl2.  Calculated  7o:  C  35.75;  H  3.42;  Cl  30.19. 

The  morpholinyldichlorotriazine  leaflets  were  soluble  in  benzene  and  chloroform,  slightly  soluble  in 
ether,  and  insoluble  in  water. 

We  condensed  1.1  g  of  morpholinyldichlorotriazine  with  1.06  ml  of  ethylenimine  in  the  manner  described 
for  2-piperidyl-4,6-dichloro-l,3,5-triazine.  The  yield  of  morpholinyldiethyleniminotriazine  was  0.5  g  (437o). 

2-[0 -(N-Piperidyl)-ethylamino]-4,6-diethylenimino-l,3,5-triazine  (V).  We  poured  (with  stirring)  at 
10-15*  1.6  g  of  N-(0 -aminoethyl)-piperidine  [4]  dissolved  in  10  ml  of  anhydrous  benzene  into  a  suspension  of 
1.1  g  of  2-chloro-4,6-diethylenimino-l,3,5-triazine  in  20  ml  of  anhydrous  benzene  and  stirred  the  mixture  for 
2  more  hours  at  20-22*.  The  reaction  mixture  was  filtered,  evaporated  in  vacuo,  the  resulting  viscous  oil  tri¬ 
turated  in  petroleum  ether,  and  the  solidified  substance  filtered  out.  After  that,  it  was  dissolved  in  10  ml  of 
benzene,  filtered,  diluted  with  20  ml  of  petroleum  ether  (40-60*  fraction),  refluxed  with  charcoal,  filtered, 
evaporated,  and  the  residue  triturated  again  in  petroleum  ether.  The  yield  of  piperidylethylaminodiethylen- 
iminotriazine  wasO.9  g  (55.97o),  m.  p.  81-83*.  After  a  two-fold  recrystallization  from  cyclohexane,  m.  p. 
83.8-85.3*. 

Found  7o:  C  58.08;  H  7.94;  N  34.10.  Ci4H23N7.  Calculated  7o:  C  58.10;  H  8.01;  N  33.88. 

The  white,  thin  needles  were  soluble  in  water,  alcohol,  chloroform,  and  ethyl  acetate,  practically  in¬ 
soluble  in  ether  and  petroleum  ether. 

2-[6-(N-Morpholinyl)-ethylamino]-4,6-diethylenimino-l,3,5-triazine  (VI).  This  compound  was  pre¬ 
pared  by  condensing  2.7  g  of  N-(0 -aminoethyl)-morpholine  [4]  with  1.85  g  of  2,4-diethylenimino-6-chloro- 
1,3,5-triazine  in  a  manner  described  for  2-(piperidylethylamino)-4,6-diethyienimino-l,3,5-triazine.  The 
precipitate  was  dissolved  in  a  petroleum  ether— benzene  (150  ml  and  30  ml)  mixture,  Altered,  and  the  filtrate 
was  left  24  hours  in  a  refrigerator.  The  yield  was  0.93  g  (347)),  m.  p.  80-81.5*  (with  decomp.).  After  another 
recrystallization  from  cyclohexane,  m.  p.  82.1-83.4*. 
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from  2  g  of  benzylmercaptan  and  0.38  g  of  sodium  metal  in  5  ml  of  xylene)  was  condensed  (by  heating)  with 
2.53  g  of  diethyleniminochlorotriazine  in  53  ml  of  anhydrous  benzene  (bath  temperature  80*,  time  2  hours), 
filtered,  evaporated  in  vacuo  (without  heating)  to  dryness,  and  the  residue  recrystallized  from  acetone.  The 
yield  of  benzylraercaptodiethyleniminotriazine  was  54%,  m.  p.  114-115*. 

Found  %:  C  58.89;  H  5.41;  N  24.22.  C14H15N5S.  Calculated  %:  C  58.92;  H  5.30;  N  24.53. 

Benzylmercaptodiethyleniminotriazine  was  soluble  in  methyl  alcohol,  ethyl  acetate,  and  benzene,  spar¬ 
ingly  soluble  in  ether  and  petroleum  ether. 

SUMMARY 

1.  In  order  to  study  the  effect  of  structural  changes  in  2,4,6-triethylenimino-l,3,5-triazine  on  its  toxicity 
and  anti-tumor  activity,  we  synthesized:  2-alkylamino-,  2-alkoxy-,  and  2-alkylmercapto-4,6-diethylenimIno- 
1,3,5-triazines. 

2.  The  above  mentioned  compounds  were  prepared  by  condensing  2,4-diethylenimino-6-chloro-l,3,5- 
triazine  with  amines,  alkoxides,  and  mercaptides  respectively. 
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3.  Besides,  three  aminodiethylenitninotrlazlnes  were  synthesized  in  a  different  way  -  condensation  of 
corresponding  aminodichlorotriazines  with  ethylenimine. 
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SOME  DERIVATIVES  OF  PHENOXAZONE 


R.  S.  Chlenova,  Ts.  M.  Gel’fer  and  S.  F.  Petrov 


Reaction  between  chloranil  and  substituted  o-aminophenols  leads  to  the  formation  of  derivatives  of 
phenoxazone  (I).  This  reaction  (1)  proceeds  readily  with  aminophenols  which  possess  electrophilic  substituents 
(nitro,  chloro  groups)  in  the  4th  and  5th  positions. 


Cl 

Ci^  I  o 


+ 

(X)/\^\nh2 

Cl 


Cl 


Y  ^C1 
Cl 

(1) 


(1) 


The  problems  connected  with  the  synthesis  of  nitro-,  amino-,  and  acylamine  phenoxazones  are  not  very 
clearly  stated  in  the  literature.  In  this  communication  we  are  reporting  the  results  of  research  on  the  synthesis 
of  certain  phenoxazone  derivatives. 

A  patent*  described  a  method  of  preparing  technical  grade  7-nitro-l,3,4-trichlorophenoxazone-2  (II)  by 
boiling  5-nitro-2-aminophenol  with  an  alcoholic  solution  of  chloranil.  We  prepared  this  compound  in  a  98- 
99.5%  yield  by  condensing  nitroa  mi  nophenol  with  chloranil  in  an  aqueous  suspension  with  the  help  of  surface 
active  agents:  such  a  modification  could  be  useful  in  preparing  compound  (II)  on  an  industrial  scale.  Com¬ 
pound  (II),  when  recrystallized  from  acetic  acid,  is  a  colored  product  with  an  intense  absorption  band  in  the 
480  mp  region  (Fig.  1). 

7-Nitro-l,3,4-trichlorophenoxazone-2  has  an  active  chlorine  in  position  3;  consequently,  two  5-nitro- 
2- aminophenols  can  readily  react  witfi  one  chloranil  in  alcoholic  solution  to  give  2,6-dinitro-9,10-dichloro- 
triphenyldioxazine  (III)  in  an  83%  yield. 


Cl 


Cl 

(III) 


The  compound  precipitates  from  chlorobenzene  in  the  form  of  dark-red  needles,  which  melt  above  360*. 
The  absorption  spectrum  of  compound  (III)  has  two  characteristic  sharp  absorption  maxima  ~  490mfi 

and  =  530  mji)  in  contrast  with  (II),  which  only  has  one  maximum  (Fig.  1). 

•Germ.  Pat.  620,346;  Friedl.22,754  (1939). 
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In  the  preparation  of  7-amino-l,3,4-trichlorophenoxazone-2  (IV)  by  the  reduction  of  corresponding  nitro 
compound  one  encounters  some  serious  difficulties.  The  high  activity  of  chlorine  in  position  3  excludes  reduc¬ 
tion  with  alkali  metal  sulfides,  since  the  rate  of  nitro  reduction  is  slower  than  the  halogen-sulfur  exchange. 
Reduction  with  metals  in  acidic  solutions  would  not  be  recommended,  due  to  the  great  difficulties  encountered 
in  separating  the  product  from  the  ferric  sludge.  7-Amino-l,3,4-trichlorophenoxazone-2  can  be  prepared  by 
the  action  of  sodium  hydrosulfide  in  alkaline  solution.  As  our  experiments  have  shown,  formation  of  compound 
(IV)  proceeds  through  a  series  of  intermediate  steps.  We  were  able  to  isolate  the  compounds  formed  in  this 
process.  Thus,  when  compound  (II)  was  reduced  with  1  or  2  moles  of  sodium  hydrosulfite  per  1  mole  of  nitro 
compounds  and  the  reaction  mixture  was  acidified,  an  orange  colored  substance  precipitated  which  crystallized 
from  acetic  acid  in  the  form  of  greyish-brown  needles.  It  analyzed  to  7-nItro-l,3,4-trichloro-2-hydroxyphen- 
oxazine  (V). 

This  compound  could  be  converted  to  compound  (IV)  by  an  additional  reduction  in  the  presence  of  air. 

However,  when  we  used  4  moles  of  sodium  hydrosulfite  per  1  mole  of  nitro  compound  and  acidified  the 
reaction  mixture  right  after  completion  of  reduction,  a  white  precipitate  of  7-amino-l,3,4-trichloro-2-hydroxy- 
oxazine  (VI)  was  formed;  it  was  readily  oxidized  in  air  to  compound  (IV). 

The  data  obtained  indicate,  that  the  mechanism  by  which  compound  (IV)  is  formed  through  the  action 
of  sodium  hydrosulfite  on  the  nitro  compound  (in  the  presence  of  air)  can  be  represented  by  sequence  (2). 


Cl 

I  I  II 


Cl 


H, 


Cl 


Cl 

Cl 

.If  V 

(II) 

(V) 

iirS 

Cl 

Cl 

■* 

-  1  1 

1  • 

(2) 

:ilnii 

'^XoH 

X'XXn^Y^ci 

Cl 

Cl 

(VI) 

(IV) 

Fig,  1,  Absorption  waves  (acetone  solu¬ 
tions). 

1)  7-Nitro-l ,3 ,4-trichlorophenoxazone-2 
(II);  2)  2,6-dinitro-9,10-dichlorotriphenyl- 
dioxazine  (III);  3)  7-amIno-l,3,4-trichloro- 
phenoxazone-2  (IV). 


A  mu 

Fig.  2.  Absorption  waves  (acetone  solu¬ 
tions). 

4)  7-Acetylamino-l,3,4-trichlorophenox- 
azone-2  (VII);  5)  7-benzoylamino- 1,3,4- 
trichlorophenoxazone-2  (VIII);  6)  7-(3’- 
nitrobenzoylamino)-l,3,4-trichlorophenox- 
azone-2  (IX);  7)  7-(4’-nitrobenzoylamino)- 
l,3,4-trichlorophenoxazone-2  (X). 
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Compound  (IV)  crystallizes  out' as  violet  needles,  which  melt  above  360*.  Replacement  of  a  nitro 
group  by  an  amino  shifts  the  absorption  maximum  toward  longer  wavelengths  555mp)  (Fig.  1). 

Acylation  of  compound  (IV)  gives  a  more  intensely  colored  material.  A  series  of  acyl  derivatives  were 
prepared  by  the  action  of  acyl  chlorides  on  compound  (IV)  at  about  160*  In  polychlorinated  benzene  solutions. 

Light  absorption  curves  for  these  compounds  are  drawn  in  Fig.  2. 

EXPERIMENTAL 

7-Nitro-l,3,4-trichlorophenoxazone-2  (II).  We  poured  450  ml  of  water  into  a  flask  supplied  with  a 
stirrer,  thermometer,  and  reflux  condenser  and  added  25.8  g  of  chloranil  with  a  small  amount  of  dispersing 
agent.  We  stirred  the  chloranil  suspension  for  20  hours,  then  added  to  it  17  g  of  crystalline  sodium  acetate  and 
(over  a  period  of  one  hour)  15.4  g  of  5-nitiO-2-aminophenol.  The  reaction  mixture  was  heated  on  a  water  bath 
for  7-8  hours  at  78-80*.  The  resulting  dari<-red  substance  was  filtered  out  and  dried  at  80*.  The  yield  was 
98.0-99.5%.  It  gave  red  needles,  m.  p.  238-240*  (from  acetic  acid),  soluble  in  chlorobenzene,  acetic  acid, 
and  dimethylformamide.  Its  absorption  curve  had  one  maximum  in  the  visible  range  at  =  480  mp. 

Found  %;  C  41.90,  41.84;  H  0.96,  1.24;  N  8.18,  8.12;  Cl  30.60,  30.63.  CbH304N2C13.  Calculated 

%:  C  41.71;  H  0.88;  N  8.10;  Cl  30.78. 

2,6-Dinitro-9,10-dichlorotriphenyldioxazine  (Ill).  We  placed  25.48  g  of  finely  ground  chloranil,  25.0  g 
of  anhydrous  sodium  acetate,  and  250  ml  of  ethyl  alcohol  into  a  flask  supplied  with  a  stirrer,  thermometer,  and 
reflux  condenser.  We  stirred  the  mixture  for  10  minutes  then  added  to  it  (over  a  period  of  1  hour)  at  18-20* 

33.9  g  of  finely  ground  5-nitro-2-aminophenol.  After  that,  the  reaction  mixture  was  slowly  heated  to  its  boiling 
point  and  maintained  at  that  temperature  for  20  hours.  The  resulting  dark-red  substance  was  filtered  out,  washed 
with  350  ml  of  hot  alcohol  and  500  ml  of  water,  and  dried.  We  obtained  an  837o  yield  of  2,6-dinitro-9,10- 
dichlorotriphenyldioxazine.  It  gave  dark-red  needles  (from  chlorobenzene)  or  flakes  (from  nitrotoluene),  m.  p. 
above  360*,  =  490  mu  ,  X*  =  530  mp. 

iijaA  mdx 

Found  %:  C  48.57,  48.68;  H  1.38,  1.21;  N  12.57,  12.69;  Cl  15.90.  C18H6O6N4CI2.  Calculated  %: 

C  48.56;  H  1.36;  N  12.59;  Cl  15.93. 

7-Nitro-l,3,4-trichloro-2-hydroxyphenoxazine  (V).  We  introduced  16.0  g  of  sodium  hydrosulfite  (over 
a  period  of  10  minutes)  into  a  suspension  of  13.8  g  of  7-nitro-l,3,4-trichlorophenoxazone-2  in  500  ml  of  2.5% 
sodium  hydroxide  cooled  to  0";  after  30  minutes  we  added  100  ml  of  10%  hydtochloric  acid.  The  orange  pre¬ 
cipitate  was  filtered,  washed  with  water  and  recrystallized  from  acetic  acid.  We  isolated  2.6  g  of  7-nitro- 
l,3,4-trichloro-2-hydroxyphenoxazine  in  the  form  of  brown  needles. 

Found  %;  C  41.74,  41.67;  H  2.06,  2.04;  N  8.49,  8.45;  Cl  30.56.  C12H5O4N2CI3.  Calculated  %:  C  41.46; 

H  1.45;  N  8.06;  Cl  30.67. 

7-Amino-l,3.4-trichloro-2-hydroxyphenoxazine  (VI)  and  7-amino-l,3,4-trichlorophenoxazone-2  (IV). 
We  introduced  34.5  g  of  7-nitro-l,3,4-trichlorophenoxazone-2  and  1300  ml  of  water  into  a  flask  supplied  with 
a  stirrer,  dropping  funnel,  and  a  bubbler.*  We  stirred  the  mixture  for  10  minutes  then  added  to  it  through  the 
dropping  funnel  (over  a  period  of  30-45  minutes)  5%  sodium  hydroxide  solution  containing  42.56  g  of  pure  alkali. 
After  completion  of  reduction,  we  added  12.4  g  of  27.5%  hydrochloric  acid  to  produce  a  pH  7. 1-7.8.  During 
this,  a  light  pink  precipitate  of  7-amino-l,3,4-trichloro-2-hydroxyphenoxazine  was  formed  and  could  be  fil¬ 
tered  out.  The  compound  was  rapidly  oxidized  in  air.  The  process  could  be  accelerated  by  bubbling  air  for 
8-10  hours  through  the  pink  colored  suspension;  the  resulting  blue  black  precipitate  of  7-amino-l,3,4-tri- 
chlorophenoxazone-2  was  filtered,  washed  with  water,  and  dried.  The  yield  of  amine  was  93-96%. 

It  gave  violet  needles  (from  nitrobenzene)  or  yellow  needles  (from  dimethylformamide),  m.  p.  above 
360*,  Xj^ax  =  555  m/i  . 

Found  %:  C  45.36,  45.68;  H  1.83,  1.61;  N  8.69,  8.68;  Cl  33.89,  33.90.  Cj2H5Cfel^Cl3.  Calculated  %: 

C  45.70;  H  1.58;  N  8.88;  Cl  33.70. 

7-Acetylamino-l,3,4-trichlorophenoxazone-2  (VII).  Into  a  flask  supplied  with  a  stirrer,  thermometer, 

•A  piece  of  information  is  definitely  missing  here.  The  nitro  group  and  the  carbonyl  are  being  reduced,  but 
no  mention  is  made  of  the  quantity  or  nature  of  reducing  agent.  From  earlier  information  it  is  certain  that 
Na2Sj04*2H20  was  used  as  reducing  agent  in  a  four- fold  molar  excess  (see  general  discussion)  —  Publishers  note. 
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dropping  funnel,  and  a  reflux  condenser  we  placed  25.0  g  of  7-amino-l,3,4-trichlorophenoxazone-2,400  ml 
(515  g)  of  polychlorobenzene  (155-190*  fraction),  and  heated  the  mixture  with  stirring  on  an  oil  bath  at  140*. 
At  this  temperature  (over  a  period  of  one  hour)  we  added  9.42  g  of  acetyl  chloride  dissolved  In  80  ml  of  poly¬ 
chlorobenzenes.  The  reaction  mixture  was  refluxed  for  8  hours.  Pressure  was  slightly  reduced  to  drive  off 
hydrogen  chloride  formed  in  the  reaction.  After  completion  of  acetylation,  we  cooled  the  reaction  mixture  to 
90-100*,  filtered,  washed  with  80  ml  of  hot  polychlorobenzenes,  and  steam-distilled  the  solvent.  The  remain¬ 
ing  compounds  (VII)  was  filtered,  washed  with  hot  water,  and  dried.  The  yield  was  75-76%.  It  gave  brown 
needles  (from  dimethylformamide), which  melted  above  360*,  =  430  mp  550  mp  . 

Found  %:  C  47.08,  47.08;  H  1.85,  1.88;  N  7.98,  7.99;  Cl  29.73  ,  29.45.  Ci4H70il^Cl3.  Calculated  %: 

C  47.02;  H  1.97;  N  7.84;  Cl  29.75. 

7-Benzoylamino-l,3,4-trichlorophenoxazone-2  (VIII).  Reaction  was  carried  out  In  the  same  way  as 
that  for  7-acetylamino-l,3,4-trichlorophenoxazone-2.  We  used  for  the  acylation  16.9  g  of  benzoyl  chloride. 
The  yield  of  compound  (VIII)  was  70%. 

Found  %:  C  54.41,  54.51;  H  2.31,  2.44;  N  6.71,  6.79;  Cl  25.35,25.42.  CigHgOil^Clj.  Calculated  %: 

C  54.38;  H  2.16;  N  6.68;  Cl  25.35. 

7-(3’-Nitrobenzoylamino)-l,3,4-trIchlorophenoxazone-2  (IX).  The  reaction  was  carried  out  in  a  way 
similar  to  the  one  used  for  preparing  the  above  described  acylaminophenoxazone.  We  used  17.8  g  of  3-nitro- 
benzoyl  chloride  in  60  ml  of  polychlorobenzenes  for  the  acylation  of  25.0  g  of  7-amino-l,3,4-trichlorophenox- 
azone-2.  The  yield  of  compound  (IX)  was  78%.  It  gave  dark  red  needles  (from  polychlorobenzenes),  which 
melted  above  360*,  =  420  m/i ,  =  500  m/i. 

Found  C  49.12,  49.09;  H  1.92,  2.73;  N  8.75;  Cl  22.55.  CigHgO^NjCls.  Calculated  %:  C  49.11; 

H  1.74;  N  9.04;  Cl  22.89. 

7-(4‘-Nltrobenzoylamlno)-l,3,4-trichlorophenoxazone-2  (X).  Reaction  was  carried  out  under  the  same 
conditions  as  the  one  with  compound  (IX).  We  used  17.8  g  of  4-nitrobenzoyl  chloride  in  160  ml  of  polychloro¬ 
benzene.  to  acylate  25.0  g  of  7-amino-l,3,4-trichlorophenoxazone-2.  The  yield  of  compound  (X)  was  83%. 

It  gave  red  flakes  (from  dimethylformamide),  which  melted  above  360*,  xj^^^  =  425  m|i,  X^^^^  =  500  w^ . 

Found  %:  C  49.10,  49.16;  H  2.02,  2.06;  N  9.11,  9.19;  Cl  22.64,  22.51.  CigHgOgNsCls.  Calculated  %: 

C  49.11;  H  1.74;  N  9.04;  Cl  22.89. 

SUMMARY 

1.  A  series  of  phenoxazone  derivatives  were  synthesized.  The  absorption  spectra  of  the  compounds  ob¬ 
tained  were  determined. 

2.  It  was  established  that  in  the  process  of  7-amino- 1, 3 ,4-trichlorophenoxazone-2  formation  from  the 
corresponding  nitro  compound  7-nitro-  and  7-amino-2-hydroxy-l,3,4-trichlorophenoxazine  were  formed  as 
intermediate  products. 
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DEHYDROGENATION  OF  a-TETRALONE  WITH  SELENIUM  AND 


SYNTHESIS  OF  1  -  N  A  PH  T  H  OL  -  1  - 
N.  N,  Vorozhtsov,  Jr.  and  V.  A.  Koptiug 


Spiro  and  co-worken  [1]  were  the  first  to  prepare  l-naphthol-l-C*^as  a  side  product  (main  product— 
naphthalene-C^^)  In  the  dehydrogenation  of  l-keto-l,2,3,4-tetrahydronaphthaIene-l-C^^  (a-tetralone-l-C^^) 
at  270*  in  the  presence  of  palladium-coated  carbon.  The  yield  of  1-naphthol-l-C^^  was  only  10*54). 

Of  the  other  possible  ways  of  synthesizing  this  compound  the  most  interesting  was  the  one  described  by 
Darzens  and  Levy  [2]—  dehydrogenation  of  a-tetralone  (I)  with  selenium  at  330-335*  (9  hours).  According  to 
the  authors'  data,  this  reaction  gave  a  7'954>  yield  of  1-naphthol,  whereas  dehydrogenation  of  a-tetralone  with 
sulfur  (240*,  4  hours)  gave  a  yield  of  1-naphthol. 

We  checked  Darzens*  and  Levy's  data  and  found  out,  that,  contrary  to  their  assertions,  when  a-tetra¬ 
lone  was  heated  with  selenium  for  10  hours  at  330*  a  complex  mixture  of  products  resulted  in  which  the  yield 
of  1-naphthol  was  25.7%.  We  also  isolated  from  the  mixture  a-tetralone  (23%),  a  neutral  compound  of  com¬ 
position  CjqH^O  (12.2%),  and  an  amorphous  substance  with  phenolic  properties.  Compound  CtoHuO,  judging 
by  its  melting  point  as  well  as  the  composition  and  melting  points  of  its  picrate  and  1,3 .5 -trinitrobenzene  ad¬ 
duct,  was  dinaphtho-(l',2';2,3;l**,2'' :4,5)-fumarone  (II);  its  formation  could  be  explained  by  the  following 
reaction  sequence. 


O 


2 


(I) 


Orchin  had  shown  before  [3,  4a,  b],  that  during  catalytic  dehydrogenation  it  is  possible  to  split-out  a 
hydrogen  between  a  hydroxyl  group  and  a  carbon  in  compounds  similar  to  2-naphthylnaphthol-l  (III)  so  as  to 
form  derivatives  of  furan  (or  pyran). 

Besides  this,  the  data  of  Darzens  and  Levy  can  also  be  refuted  by  the  fact  that  1-naphthol  can  react 
with  selenium  to  give  dinaphtho-(l*,2';2,3;2",l''!4,5)-furan  (IV)  (see  [5]).  Besides,  as  we  will  show  in  the 
experimental  part,  after  heating  the  reaction  mixture  for  10  hours  at  330*  one  can  isolate  only  15%  of  the  start- 
ting  1-naphthol.  The  yield  of  dinaphthofuran  (IV)  in  this  experiment  was  31%  (on  the  basis  of  impure  product). 
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It  should  be  noted,  that  on  top  of  all  that  was  said,  the  work  of  Darzens  and 
Levy  conflicts  with  the  results  of  subsequent  works  on  the  dehydrogenation  of  sub¬ 
stituted  a-tetralones  and  other  cyclic  ketones.  First  of  all,  none  of  the  investigators 
[5-8]  who  carried  out  similar  dehydrogenations  with  selenium  were  able  to  obtain 
the  corresponding  phenol  in  more  than  a  15‘7«>  yield;  second,  dehydrogenation  with 
sulfur  usually  gives  higher  yields  of  phenol  than  dehydrogenation  with  selenium  [7] 
(see  also  [6]  and  [9]). 

The  fact  that  symmetrical  dinaphthofuran  (IV)  was  not  found  among  the  a-tetralone  dehydrogenation 
products  could  be  explained  in  the  following  manner.  The  formation  of  dinaphthofuran  from  1-naphthol  Is  a 
bimolecular  reaction,  and  consequently,  a  lowering  in  the  concentration  of  the  latter  should  decrease  the  re¬ 
action  rate  considerably.  Therefore,  in  the  case  of  a-tetralone  dehydrogenation,  where  the  concentration  of 
1-naphthol  during  the  reaction  is  low,  one  can  not  expect  any  appreciable  formation  of  dinaphthofuran  (IV). 

It  should  be  noted  that  Cocker  and  co-workers  [5]  while  studying  the  reactions  of  aryl-methylated  a-tetra 
lones  with  selenium  at  330-335*  also  observed  the  formation  of  dinaphthofurans,*  to  which  they  hypothetically 
assigned  symmetrical  structure.  In  the  light  of  our  results  their  hypothesis  appears  doubtful;  It  is  quite  probable 
that  the  compounds  they  obtained  were  unsymmetrical  dinaphthofurans  of  type  (II). 

Being  convinced  that  it  was  not  possible  to  dehydrogenate  a-tetralone  (I)  smoothly  with  selenium,  we 
turned  to  another  possible  method  of  converting  it  into  1-naphthol— bromination  and  subsequent  elimination  of 
hydrogen  bromide. 


I  I  II  I 


(IV) 


(I) 


Br, 


^  II  /Br 


(V) 


—  HBr 


//xA 

K/\) 


OH 

C\) 


Bromination  of  a-tetralone  proceeded  quite  smoothly  [10,  11a],  and  we  obtained  an  82.5%  yield  of  2- 
bromo-l-keto-l,2,3,4-tetrahydronaphthalene  (V).  Elimination  of  hydrogen  bromide  from  bromotetralone  (V) 
turned  out  to  be  somewhat  more  complicated. 

Thus,  when  bromotetralone  (V)  was  heated  with  pyridine  (130*,  5  hours),  despite  a  complete  cleavage  of 
bromine,  no  1-naphthol  could  be  detected.  This  was  explained  by  the  formation  of  a  quaternary  pyridinium 
able  to  isolate  by  carrying  out  the  reaction  in  toluene. 

When  we  tried  to  eliminate  hydrogen  bromide  by  boiling  the  compound  with 
diethylaniline,  only  a  30-39%  yield  (on  the  basis  of  a-tetralone)  of  1-naphthol  was 
obtained.  Similarly  low  yields  were  obtained  earlier  with  substituted  bromotetra- 
lones  ([5,  12,  13],  but  see  [14]);  this  is  evidently  connected  with  a  curious  reaction 
in  which  a-bromoketones  are  reduced  to  ketones  under  the  action  of  diethylaniline 
([15],  see  also  [16]). 

-CO-CH-  —  -CO-CH,- 

I 

Br 

We  were  able  to  increase  the  yield  of  1-naphthol  by  replacing  diethylaniline  with  triethylamine.  Thus, 
when  bromotetralone  (V)  was  heated  for  3  hours  with  an  excess  of  triethylamine  in  trichlorobenzene  solution  in 
a  200r  bath,  we  obtained  a  75-76%  yield  (on  the  basis  of  bromotetralone  (V)  of  1-naphthol.  By  carrying  out 
the  conversion  of  a-tetralone  into  1-naphthol  without  separating  bromotetralone  (V)  we  obtained  a  64.5-66.5% 
yield  (on  the  basis  of  a-tetralone)  of  1-naphthol. 


salt  (VI),  which  we  were 
O 

II 

aAa 

(VI) 


i 


<  liti 


•Their  yields  of  substituted  1-naphthols  were  3.6-12.5%. 
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We  believe  that  the  use  of  triethylamine  with  substituted  bromotetralones  and  other  ketones  will  make 
it  possible  to  prepare  corresponding  aromatic  hydroxy  compounds  in  higher  yields  than  was  possible  until  now 
(for  example  see  [5,  12,  13]). 

On  the  basis  of  results  obtained  we  were  abie  to  synthesize  1-naphthol-l-C^^  in  a  63.5%  yield,  counting 
from  a-tetralone-l-C^^.  In  this  case  the  reaction  was  carried  out  without  separation  of  bromotetralone. 

EXPERIMENTAL  • 

g-Tetralone  was  prepared  by  cyclization  of  y -phenylbutyryl  chloride  [17].  The  distilled  product  was 
thoroughly  washed  with  a  sodium  carbonate  solution  and  with  water,  then  redistilled.  It  had  a  b.  p.  115-116*  at 
8  mm,  n*®D  1.5691.  According  to  lit.  data  [18],  b.  p.  105*  at  3  mm,  n*®D  1.5691-1.5693. 

Dehydrogenation  of  a-^etralone  with  selenium.  We  heated  2  g  of  a-tetralone  with  1,08  g  of  granulated 
selenium  (Shering-Kal'baum  brand)  for  10  hours  in  a  flask  linked  through  a  ground  joint  to  an  air  cooled  con¬ 
denser  and  placed  in  a  330  ±  2*  bath. 

We  diluted  the  resulting  dark,  viscous  mass  with  ether,  decanted  it  from  unreacted  selenium  (0.23  g,  21.3%), 
distilled  off  the  ether,  and  after  adding  10  ml  of  10%  sodium  hydroxide  we  steam  distilled  the  residue  to  remove 
neutral  substances.  When  the  distillate  was  extracted  with  ether  and  the  ether  evaporated,  there  remained  0.68  g 
of  a  colorless  oil,  which,  after  being  boiled  with  0.68  g  of  hydroxylamine  hydrochloride  and  0.68  g  of  potassium 
carbonate  in  dilute  methanol,  gave  0.51  g  (23%)  of  a-tetraloxime.  A  recrystallization  from  methanol  gave 
m.  p.  102.5-103.5*.  After  removal  of  neutral  substances,  the  residue  in  the  flask  was  acidified  with  concentrated 
hydrochloric  acid  and  again  steam-distilled.  From  this  distillate  we  extracted  with  ether  0.51  g  (25.7%)  of 
1-naphthol,  m.  p.  93.5-95.5*. 

The  oil  remaining  in  the  distillation  flask  solidified  on  cooling  into  a  black,  glassy  mass  (weight  0.63  g). 

We  triturated  0.35  g  of  it  with  3  ml  of  methanol,  filtered  out  the  insoluble  residue  (filtrate  a)  and  washed  it  with 
methanol;  the  yield  was  0.12  g,  m.  p.  140-145*.  After  recrystallization  from  anhydrous  alcohol  we  obtained 
colorless  needles,  m.  p.  153.7-154.2*. 

Found  %;  C  89.73,  89.63;  H  4.70,  4.59.  QoH^O.  Calculated  %:  C  89.52;  H  4.51. 

Judging  from  the  composition  and  melting  point,  the  obtained  compound  was  dinaphtho-(l',2* :  2,3  ;  1",2"; 
:4,5)-furan  (II),  for  which  the  literature  [4b]  gives  m.  p.  155.0-156.5*.  Addition  of  dinaphthofuran  (IV)  to  this 
compound  lowered  the  melting  point  to  126-130*. 

We  prepared  a  picrate  and  a  1,3,5-trinitrobenzene  adduct  of  the  synthesized  dinaphthofuran  (V). 

Dipicrate  gave  orange  needles,  m.  p.  162.5-163.5*  (did  not  change  after  recrystallization  from  anhydrous 
alcohol). 

Found  %:  N  11.65,  11.69.  QioHaO*2C6Hs07Ns.  Calculated  %;  N  11.57. 

A  mixed  sample  with  dipicrate  of  dinaphthofuran  (IV)  melted  at  152-154*. 

1,3,5-Trinitrobenzene  adduct  gave  orange  needles,  m.  p.  177.0-177.8*  (after  one  recrystallization  from 
benzene). 

Found  %;  N  8.60,  8.79.  QoM^O •  C6H3O5N3.  Calculated  %:  N  8.73. 

For  dipicrate  of  dinaphtho-(l*,2';2,3;l",2":4,5)-furan  the  literature  gives  [4b]  m.  p.  164.5-165.2*,  for 
1,3 ,5 -trinitrobenzene  (1: 1)  adduct  —  m.  p.  178.2-179.2*. 

After  removal  of  dinaphthofuran  (II),  the  methanol  solution  (filtrate  a)  was  evaporated,  the  oily  residue 
dissolved  in  4  ml  of  ether,  and  the  ether  solution  (b)  was  extracted  with  5%  sodium  hydroxide.  Acidification 
of  alkaline  solution  gave  85  mg  of  a  brown  amorphous  substance  (c)  which  was  readily  soluble  in  ether,  but  in¬ 
soluble  in  boiling  alcohol  and  petroleum  ether.  Part  of  the  substance  was  dissolved  in  ether  for  analysis,  and 
the  ether  solution  filtered  and  evaporated.  The  residue  was  kept  for  24  hours  over  calcium  chloride  in  a  vacuum 
desiccator.  The  elementary  composition  of  the  substance  turned  out  to  be  close  to  that  of  dihydroxydinaphthalene. 

•With  the  participation  of  I.  S.  Isaev  and  S.  A.  Kabanova. 
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Found  %:  C  83.51,  83.30;  H  5.34,  5.35.  CtoHMO^.  Calculated  C  83.85;  H  4.92. 

In  alkaline  solution  the  synthesized  compounds  underwent  coupling  with  benzenedlazonlum  chloride  to 
give  a  red  precipitate;  when  heated  over  a  steam  bath  with  acetic  anhydride  in  pyridine,  the  compound  gave 
an  acetyl  derivative  which  was  not  soluble  in  alkali  and  melted  over  a  wide  temperature  range  above  220*. 

After  extraction  of  substance  (c),  the  ether  solution  was  evaporated  and  the  remaining  light-yellow  oil 
treated  with  100  mg  of  picric  acid  in  2  ml  of  boiling  anhydrous  alcohol.  When  the  alcohol  cooled,  34  mg 
of  dinaphthofuran  (II)  dipicrate  precipitated,  m.  p.  148-154*  (after  several  recrystaliizations  from  an¬ 
hydrous  alcohol  the  melting  point  was  raised  to  159-160*).  Total  yield  of  dinaphtho-(l',2' :2,3;1",2":4,5)- 
furan  was  12.2%. 

Reaction  of  1-naphthol  with  selenium.  Just  as  in  the  preceeding  experiment  we  heated  2.0  g  of  1-naph- 
thol  with  1.08  g  of  selenium  for  10  hours  in  a  330  i  2*  bath.  We  triturated  the  viscous  yellow  green  mass  with 
5  ml  of  ether,  separated  urueacted  selenium  (0.48  g,  44.5%),  filtered  off  the  ether-insoluble  precipitate  (a), 
and  washed  it  with  20  ml  of  ether.  From  the  ether  filtrate  we  extracted  with  an  alkaline  solution  0.30  g  (15%) 
of  1-naphthol,  m.  p.  78-90*  (after  steam  distillation,  m.  p.  90-91*).  We  evaporated  the  remaining  ether  solu¬ 
tion,  and  dissolved  the  yellow  residue  (0.77  g)  together  with  precipitate  (a)  (0.41  g)  in  10  ml  of  hot  benzene; 
the  resulting  solution  was  filtered  away  from  the  sludge  and  evaporated  down  to  3  ml.  Dinaphtho-(l*,2':2,3;- 
2’,l":4,5)-furan  (IV)  precipitated  when  the  solution  cooled;  the  yield  was  0.58  g  (31%),  m.  p.  172-177*,  but 
after  several  recrystaliizations  from  benzene— alcohol  mixtures  it  gave  colorless  needles  with  a  m.  p.  182.0- 
183.3*.  According  to  lit.  data  [20],  m.  p.  182-182.5*,  184*. 

Found  %:  C  89.37,  89.49;  H  4.64,  4.76.  Czo^kO.  Calculated  %:  C  89.52;  H  4.51. 

Dipicrate  of  dinaphthofuran  (IV)  gave  orange  crystals  with  a  m.  p.  174-175*.  According  to  lit.  data  [20], 
m.  p.  171-173*. 

II 

Dinaphthofuran  was  also  formed  when  the  reaction  was  carried  out  at  300*.  ,,,f 

Action  of  pyridine  on  2-bromo-l-keto-l,2,3,4-tetrahydronaphthalene  (V).  Bromotetralone  (V)  was  pre¬ 
pared  by  bromination  of  a-tetralone  with  an  equimolar  amount  of  bromine  in  absolute  ether  at  10*  (see  [11]); 
the  yield  was  82.5%,  m.  p.  37-39°.  According  to  lit.  data  [21],  m.  p.  40-41*.  u- 

We  heated  2.52  g  of  bromotetralone  (V)  and  1.64  g  of  pyridine  for  5  hours  in  15  ml  of  toluene  in  a  130* 
bath;  a  flask  supplied  with  a  reflux  condenser  was  used.  We  filtered  out  the  precipitate  which  formed,  washed 
it  with  3  ml  of  toluene  and  dried;  the  yield  was  0.58  g,  m.  p.  213-217*.  For  purification  we  dissolved  it  in  6  ml 
of  methanol  and  filtered;  to  the  transparent  solution  we  added  ether  till  the  appearance  of  turbidity  and  left 
standing,  adding  to  it  every  hour  (for  two  days)  0.2  ml  of  ether.  From  this  we  obtained  pinkish  crystals,  m.  p. 

215-222.5*  (decomp.). 

Found  %:  C  59.60,  59.73;  H  4.73,  4.82;  N  4.79,  4.70.  CigH^ONBr.  Calculated  %:  C  59.21;  H  4.64; 

N4.61. 

On  the  basis  of  analysis  and  melting  point  the  obtained  substance  was  N-(  l-ketotetralyl~2)-pyridinium 
bromide  (VI),  for  which  the  literature  Lists  [22]  m.  p.  216-218*  (decomp.). 

We  were  unable  to  find  any  1-naphthol  among  the  reaction  products. 

Neither  could  we  obtain  any  naphthol  when  we  heated  (under  similar  conditions)  0.5  g  of  bromotetralone 
with  10  ml  of  pyridine  in  the  absence  of  a  solvent,  though  all  the  bromine  was  cleaved  and  converted  to  Br 
ion  (determined  by  potentiometric  titration  with  silver  nitrate). 

Conversion  of  2-bromo-l-keto-l,2,3,4-tetrahydronaphthalene  (V)  into  1-naphthol.  1)  By  the  action  of 
diethylaniline.  We  refluxed  for  1  hour  20  ml  of  freshly  distilled  diethylaniline  with  a  crude  solution  of  bromo- 
tetralone  (V)  (made  from  2  g  of  a-tetralone).  Using  10%  sodium  hydroxide  we  extracted  from  the  resulting 
dark  brown  solution  0.58  g  (29.6%  of  a-tetralone  converted)  of  1-naphthol,  m.  p.  86.5-91.0*.  In  another  ex¬ 
periment  the  yield  was  39%. 

2)  By  the  action  oftriethylamine.  We  dissolved  0.5  g  of  bromotetralone  (V)  and  1  ml  of  triethylamine 
(b.  p.  88-90*)  in  5  ml  of  chlorobenzene  on  trichlorobenzene  (b.  p.  211-214*)  and  heated  in  a  flask  connected 
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to  a  reflux  condenser  through  a  ground  joint.  After  the  reaction  mixture  cooled,  we  added  to  it  10  ml  of  water 
(to  dissolve  triethylamine  hydrobromide)  and  20  ml  of  ether.  The  organic  layer  was  separated,  extracted  with 
10% sodium  hydroxide,  and  the  alkaline  extract  acidified  to  salt  out  1-naphthol.  The  dependence  of  1-naphthol 
yield  on  reaction  conditions  is  shown  in  the  Table. 


Solvent 

Reaction  temperature 

Length  of  heating 
(in  hours) 

Yield  of  1-naphthol  [computed  on 
the  basis  bromotetralone  (V)  (In  %) 

QHgCl 

100* 

10 

62.5 

C,HjCl3 

180 

3 

57.5 

QHjClj 

180 

7 

66.3 

QHjClj 

200 

1 

72.0 

QHsCl, 

200 

3 

75.5-  76.2* 

•M.  p.  90.0-91.5" 

Preparation  of  l-naphthol-l-C^'*.  We  used  a  previously  described  method  [23]  to  prepare  l-keto-1,2,3,4- 
tetrahydronaphthalene-l-C*^  from  NaC^^N  (specific  activity,  23.35  mC/mole).  The  yield  was  91.5%,  b.  p. 
114-118"  at  8-9  mm. 

We  placed  103.3  mg  of  l-keto-l,2,3,4-tetrahydronaphthalene-l-C^^,  887.3  mg  of  untagged  1-keto- 
1,2,3,4-tetrahydronaphthalene  (6.78  mmoles  in  all),  and  8  ml  of  absolute  ether  into  a  three  necked  flask  which 
was  supplied  with  a  thermometer,  a  dropping  funnel,  and  a  stirrer  (shaft  was  passed  through  the  reflux  conden¬ 
ser).  While  the  solution  was  cooled  with  ice,  we  added  1.08  g  (6.78  mmoles)  of  bromine  with  stirring,  at  such 
a  rate  as  not  to  raise  the  temperature  above  10" .  Each  drop  of  bromine  was  added  only  after  the  red  color  of 
a  proceeding  one  had  disappeared.  The  cooling  bath  was  removed  and  after  1.5  hours  the  temperature  increased 
to  2(f .  The  colorless  ether  solution  was  transferred  into  a  pear-shaped  flask  and  the  ether  was  distilled  off.  To 
the  residue  of  2-bromo-l-keto-l,2,3,4-tetrahydronaphthalene-l-C^^  (yellow  oil)  we  added  3  ml  (21.7  mmoles) 
of  triethylamine  and  13  ml  of  trichlorobenzene  (b.  p.  211-214").  An  air-cooled  reflux  condenser  (300  mm  long) 
at  the  top  of  which  was  sealed  a  water-cooled  condenser  (150  mm  long)  (to  condense  triethylamine  vapors),  was 
connected  through  a  ground  joint  to  the  flask  which  was  placed  in  a  200  ±  2"  metal  bath  and  kept  at  that  tem¬ 
perature  for  3  hours.  We  added  10  ml  of  water  and  80  ml  of  ether  to  the  resulting  suspension;  the  ether  layer 
was  separated,  washed  twice  with  water,  and  extracted  with  10%  sodium  hydroxide  (once  with  5  ml  and  6  times 
with  1  ml  portions).  The  dark-brown  alkaline  extract  was  filtered  (without  suction)  through  a  layerof  activated 
charcoal  (10  mm  in  diameter,  5  mm  high)  which  was  subsequently  washed  with  2  ml  of  10%  sodium  hydroxide. 
When  the  yellow  colored  alkaline  solution  was  acidified,  1-naphthol- 1-C^^  precipitated.  The  yield  was  0.62  g 
(63.5%),  m.  p.  90.5-92.5",  no  halogen. 

Activity  was  2.33,  2.35  mC/mole*  (see  [23]  for  the  method  of  measuring). 

The  literature  [24]  lists  m.  p.  94-96"  for  1-naphthol.  The  grade  of  the  product  obtained  by  this  method 
can  be  improved  by  increasing  the  thickness  of  the  activated  charcoal  used  to  filter  the  alkaline  solution,  but 
it  results  in  a  lower  yield. 

SUMMARY 

1.  It  was  shown  that,  when  a-tetralone  was  heated  with  selenium  at  330"  (10  hours),  alongside  dehydra¬ 
tion  to  1-naphthol  (25,7%  yield)  a  conversion  of  a-tetralone  into  unsymmetrical  dinaphtho-(l',2':2,3;l",2": 
:4,5)-furan  took  place  (12.2% yield).  1-Naphthol  under  these  conditions  gave  symmetrical  dinaphtho-(l',2’: 
:2,3;  l",2";4,5)-furan  (31%  yield). 

2.  With  triethylamine  2-bromo-l-keto-l,2,3,4-tetrahydronaphthalene  eliminated  hydrogen  bromide  to 
give  1-naphthol  in  a  higher  yield  (75-76%)  than  with  diethylaniline. 


•The  value  calculated  from  the  activit)  of  initial  NaC^^N  amounted  to  2.43  mC/mole. 
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3.  1-Naphthol-l-C^^  was  synthesized  in  a  63.5*70  yield  by  starting  from  l-keto-l,2^,4-tetrahydro- 
naphthalene- 1  - 
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REACTIONS  INVOLVING  ORGANIC  SOLIDS 

XL  THE  INFLUENCE  OF  TEMPERATURE  ON  THE  CONVERSION  OF 
N-ARYLAMIC  ACIDS  INTO  IMIDES* 

M.  Kh.  Gluzman 


When  amines  react  with  cyclic  anhydrides  in  organic  solvents  they  give  N-arylamic  acids  or  correspond¬ 
ing  imides.  When  the  components  are  refluxed  in  chloroform  [1-4],  carbon  tetrachloride  [5],  or  benzene  [1,6,7] 
one  obtains  N-arylamic  acids,  while  in  glacial  acetic  acid  [8,  9]  or,  in  isolated  cases,  in  benzene  [10]  imides 
are  formed.  The  latter  are  often  prepared  by  treating  N-arylamic  acids  with  dehydrating  agents:  acetyl  chlo¬ 
ride  [2,  11],  acetic  anhydride  in  the  presence  of  sodium  acetate  [3,  12],  phosphorus  pentoxide  [13],  phosphorus 
oxychloride  [14],  phosphorus  tri-  and  pentachloride  and  thionyl  chloride  [15].  Imides  may  also  be  formed  by 
fusion  of  amines  with  acids  [16,  17]  or  anhydrides  [18,  19],  by  heating  N-arylamic  acids  above  their  melting 
points  [2,  3,  20-23],  or  by  boiling  aqueous  suspensions  of  amines  and  anhydrides  [24]. 

All  the  authors  who  converted  N-arylamic  acids  into  imides  by  heating  the  acids  above  their  melting 
points  ignored  the  question  of  temperature  and  duration  of  heating.  Only  Alexander  and  McElvain  [5]  picked 
145*  and  a  time  of  30  minutes  for  the  cyclization  of  N-aryl-3-nitrophthalamic  acids,  but  they  did  not  bring 
up  the  question  of  degree  of  imidation  either.  It  is  quite  obvious,  that  these  conditions  could  not  be  general 
for  all  N-aryl-3-nitrophthalamic  acids  regardless  of  their  structures  and  melting  points. 

We  have  worked  out  a  method  of  preparing  N-arylamic  acids  from  solid  amines  and  solid  anhydrides  [25]. 
By  studying  this  reaction  through  comparison  of  heating  curves  [26]  and  the  kinetics  of  amine  acylation  involv¬ 
ing  solids  [27,  28],  we  were  able  to  work  out  the  conditions  which  would  guarantee  quantitative  yields  of  N- 
arylamic  acids  and  were  able  to  explain  what  fraction  of  liquid  [29]  and  gaseous  [30]  phases  participated  in 
these  processes.  From  the  kinetic  data  and  heating  curves  one  could  form  an  opinion  about  the  effect  of  tem¬ 
perature  and  length  of  heating  on  the  degree  of  conversion  of  N-arylamic  acids  to  imides.  Moreover,  full  know¬ 
ledge  of  the  effect  of  these  factors  on  the  process  of  imide  formation  is  essential  for  the  solution  of  many  pro¬ 
blems  (in  particular,  in  construction  of  amine— anhydride  phase  diagrams  [31]  and  in  design  of  commercial 
methods  of  acylating  amines  in  the  solid  phase  [32]  and  can  only  be  acquired  through  kinetic  studies  at  differ¬ 
ent  temperatures.  Kinetic  data  can  also  be  utilized  to  work  out  methods  of  preparing  imides  by  heating  N- 
arylamic  acids  in  the  solid  phase,  or  at  least,  at  possibly  lower  temperatures. 

In  connection  with  this  we  studied  the  kinetics  of  N-arylamic  acid  conversion  to  imides  at  various  tem¬ 
peratures.  The  results  of  these  studies  on  six  N-arylamic  acids  are  given  in  the  Table,  while  the  course  of  imide 
formation  with  time  is  drawn  in  Figs.  1-5, 

From  these  data  we  could  make  the  following  deductions. 

1.  Conversion  of  N-arylamic  acids  into  corresponding  imides  depends  primarily  on  the  nature  of  the 
compounds.  The  first  five  N-arylamic  acids  (see  the  Table)  do  not  have  significantly  different  melting  points, 
but  at  approximately  similar  temperatures  they  cyclize  at  completely  different  rates.  While  4-nitrophenyl- 
maleamic  acid  is  almost  completely  converted  into  imide  in  2.5  hrs.  at  160*  (Fig.  1),  p-tolylmaleamic  acid 
(Fig.  2)  and  0 -naphthylmaleamic  acid  (Fig.  3)  give  almost  80%  conversion,  whereas  p-chlorophenylmaleamic 

•See  J.  Phys.  Chem.  32,  388  (1958)  for  the  preceding  communication. 
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Fig.  1.  Conversion  of  N"(4-nitrophenyl)- 
maleamic  acid  to  the  imide. 

1)  At  160’;  2)  at  180*. 
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Fig.  2.  Conversion  of  N-(p-tolyl)-male- 
amic  acid  to  the  imide. 

1)  At  160*;  2)  at  180*;  3)  at  205*. 
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Fig.  3.  Conversion  of  N-(2-naphthyl)' 
maleamic  acid  to  the  imide. 

1)  At  160*;  2)  at  180*. 


acid  is  already  quantitatively  converted  to  the  imide  in  40  min 
utes  at  143*  (Fig.  4,  isotherm  II). 

At  temperatures  below  melting,  p-carboxyphenylmale- 
amic  acid  remains  entirely  in  the  form  of  acid,  and  even  if 
kept  at  the  melting  point  for  100  minutes  it  yields  only  about 
7%  of  imide  (Fig.  4,  isotherm  I),  while  phthalazol  already  be¬ 
gins  to  change  into  imide  at  125*,  i.e.,  140*  below  its  melting 
point  (Fig.  5). 

Since  none  of  the  investigated  compounds  have  bulky 
groups  which  could  hinder  the  approach  of  a  carboxyl  to  the 
amide  group,  then  the  degree  of  conversion  to  an  imide  appar¬ 
ently  depend  only  on  the  electron  affinities  of  the  substituents 
in  the  benzene  ring.  Imide  formation  is  nothing  else  but  an 
intramolecular  acylation  of  an  imine  group  by  a  carboxyl,  and 
two  things  are  necessary  for  the  elimination  of  water;  spatial 
proximity  between  an  NH-  and  COOH  group  and  a  sufficient 
mobility  of  the  hydrogen  in  the  imino-  and  hydroxyl  groups. 

Both  these  factors,  or  at  least  the  second,  are  undoubtedly  de¬ 
termined  by  the  nature  of  substituents  which  transmit  their  ef¬ 
fect  through  a  benzene  ring.  With  this  in  mind,  it  becomes 
immediately  apparent  (see  the  Table),  that  out  of  the  first  four 
arylamic  acids  (I)  and  (IV),  which  have  strong  negative  sub¬ 
stituents  (COOH-  and  NOj  groups)  para  to  the  NH  group,  give 
poor  conversion  to  imides,  while  acids  (II)  and  (III),  which  con¬ 
tain  typical  substituents  of  the  first  kind  in  a  para  position,  cyclize 
readily  even  in  the  solid  phase  (40*  below  their  melting  points). 
In  this  case  the  same  factor  appears,  the  effect  of  which  de¬ 
termines  the  rate  and  completeness  of  acylation  in  primary 
amines- namely,  their  base  strength;  the  rate  and  degree  of 
acylation  of  an  NH  group  is  directly  proportional  to  the  base 
strength  of  amine  constituting  the  N-arylamic  acid.  The  base 
ionization  constants  of  p-aminobenzoic  acid,  p-chloroaniline, 
p-toluidine,  and  p-nitroaniline  at  25*  are:  2.8  •  10"^,  1.5  •  lO"^, 
2  •  10“®,  and  4  •  10  **  respectively. 

The  fact,  that  nitro  and  carboxyl  groups  on  the  one  hand, 
and  methyl  groups  and  chlorine  on  the  other;  retain  the  same 
effects  on  imino  groups  as  on  unacylated  amines  points  to  the 
predominant  effect  of  these  substituents  in  comparison  to  the 
effect  of  introduced  acyl  radicals. 

The  same  effects  govern  the  rate  and  degree  of  imide  forma¬ 
tion  from  6-naphthylmaleamic  acid  and  phthalazol.  Imide 


formation  proceeds  readily,  since  the  base  ionization  constants 
of  S-naphthylamine  and  nor-sulfazol  are  of  the  order  of  10"“  and  10~®. 


In  the  light  of  these  ideas  there  seems  to  be  completely  no  justification  for  the  attempts  of  Alexander 
and  McElvain  to  convert  N-aryl-3-nitrophthalamic  acid  into  imide  in  half  an  hour  at  145*  without  considering 
the  nature  of  the  amine,  which  plays  the  dominant  role  in  the  cyclization  process. 


2.  It  is  possible  to  find  for  each  N-arylamic  acid  a  temperature  threshold  below  which  no  conversion  to 
imide  occurs.  As  our  studies  have  shown  [26-28],  in  many  cases  this  threshold  lies  above  the  temperatures 
needed  to  produce  quantitative  yields  of  monoamides.  But  if  imide  formation  proceeds  alongside  monoacyla¬ 
tion,  then  after  completion  of  reaction  one  has  to  open  the  imide  ring  under  milder  conditions  so  as  not  to 
saponify  the  amide  bond  too. 
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Name  of 

N-arylamic 
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Formula 


Tempera-j 
ture 


X! 

•H-g 
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yield  of 
imide  at 
the  given 
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Melting 
point  of 
imide 


II 


III 


IV 
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phenyl)-male- 
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phenyl)-male- 
amic  acid 


N-(2-Naph- 
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amic  acid 
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Fig.  4.  Conversion  of  N- 
(aryl)-maleamic  acids  to 
the  imides.  1)  N-(4-Car- 
boxyphenyl)-maleamic 
acid  at  214*;  2)  N-(p-chlo- 
rophenyl)-maleamic  acid 
at  143*. 


On  the  other  hand,  for  many  N-arylamic  acids  it  is  possible  to  find  a 
temperature  range  within  which  conversion  to  imides  takes  place  completely 
in  the  solid  phase.  The  advantages  of  this  method  over  the  ones  requiring 
condensing  agents  are  quite  obvious. 

3.  With  some  N-arylamic  acids  one  observes  an  induction  period  dur¬ 
ing  which  the  conversion  to  imide  proceeds  very  slowly,  but  after  that  the 
reaction  erupts  at  a  much  higher  rate.  For  example,  2-naphthylmaleamic 
acid  does  not  undergo  cyclization  during  the  first  hour  at  160*,  but  soon  after 
that  the  rate  of  imide  formation  rapidly  increases  and  in  1.5  hours  about  SO'^o 
of  the  imide  is  formed  (Fig.  3).  p-Chlorobenzene  gives  only  5-6%  of  imide 
during  the  first  40  minutes  of  heating  in  the  solid  state  at  143* ,  but  after  that, 
the  reaction  goes  to  completion  in  5-10  minutes  (Fig.  4).  a-Naphthyltetra- 
chlorophthalamic  acid  has  an  induction  period  of  over  3  hours,  after  which 
the  imide  formation  proceeds  at  a  high  rate.  Such  a  behavior  is  typical  of 
autocatalytic  reactions.  In  this  case  the  water  eliminated  in  the  process  or 
the  forming  imide  could  have  a  catalytic  effect  on  the  reaction. 


4.  The  rate  and  degree  of  imide  formation  are  a  function  of  temperature  and  time,  but  they  depend  more 
on  the  temperature.  The  curves  in  Fig.  6,  which  gives  the  degree  of  imide  formation  in  phthalazol  as  a  func¬ 
tion  of  temperature  within  the  same  time  intervals,  show  that  at  temperatures  very  far  removed  from  the  melting 
point  of  phthalazol  (~269*)  the  curves  giving  imide  formation  in  the  solid  phase  as  a  function  of  temperature 
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Time  (in  minutes) 


Fig.  5.  Conversion  of  phthalazol  to  the  correspond¬ 
ing  imide  under  isothermal  conditions. 

1)  At  125*;  2)  at  130*;  3)  at  135*;  4)  at  140*;  5)  at 
150*. 


110  m  130  m  150° 
Temperature 


Fig.  6.  The  course  of  phthalazol  conversion 
to  the  imide  as  a  function  of  temperature. 

1)  During  30  minutes;  2)  during  90  minutes: 
3)  during  150  minutes;  4)  during  270  min¬ 
utes. 


have  greater  slopes  than  the  isotherms  at  those  same  temperatures.  An  even  greater  difference  can  be  observed 
in  N-arylamic  acids  whose  isotherms  are  shown  in  Figs.  1  and  3. 

EXPERIMENTAL 

A  sample  of  purified  N-arylamic  acid  was  placed  in  an  oil  constant-temperature  bath,  and  at  fixed  time 
intervals  samples  were  taken  out  and  analyzed  for  N-arylamic  acid.  A  weighed  portion  of  ground  sample  was 
mixed  with  a  determined  amount  of  0.1  N  NaOH  in  cold,  and  the  excess  alkali  was  titrated  to  the  phenolphthal- 
ein  end  point.  In  order  to  ascertain  that  the  undissolved  (in  0.1  N  NaOH)  part  of  the  sample  was  the  imide 
and  not  diamide  or  a  resin,  we  filtered  it  out,  washed  with  water,  dried  at  60-80*  to  a  constant  weight,  and 
heated  with  an  alkaline  solution  of  such  a  concentration  as  would  only  open  an  imide  ring  without  involving 
an  amide  linkage.  The  conditions  were  chosen  beforehand  for  each  imide.  Certain  imides  were  readily  con¬ 
verted  to  N-arylamic  acids  when  treated  with  2%  NaOH  in  cold  [33];  with  others  the  ring  could  be  opened  by 
heating  in  5%  NaOH  at  40-80*. 

In  the  cases  where  according  to  analytical  results  almost  no  imide  formation  took  place  misgivings  might 
have  arisen  that  imides  were  still  formed  but  were  readily  cleaved  in  the  process  of  titration  with  0.1  N  NaOH 
in  cold.  We  investigated  a  large  number  of  imides  without  encountering  any  such  easy  cleavage  of  imide  rings; 
however,  we  still  checked  the  solubilities  of  investigated  samples  in  sodium  carbonate  and  bicarbonate  solutions. 
Complete  solubility,  especially  in  the  latter,  assured  us  that  no  ring  closure  took  place  when  N-arylamic  acid 
was  heated  at  the  given  temperature. 

The  course  of  imide  formation  was  also  checked  by  the  quantity  of  water  given  off  in  the  cyclization. 

A  weighed  portion  of  N-arylamic  acid  was  placed  in  a  vessel  which  had  a  stopper  with  a  tube  at  the  other  end 
of  which  three  calcium  chloride  tubes  were  attached  in  series.  After  a  fixed  time  of  heating  in  a  constant  tem¬ 
perature  bath,  the  water  drops  which  condensed  inside  the  tube  were  distilled  into  the  calcium  chloride  ab¬ 
sorbers  and  these  were  then  weighed  on  an  analytical  balance. 

The  imides  obtained  were  treated  in  cold  or  with  slight  heating  with  a  5%  sodium  carbonate  solution  (to 
wash  away  N-arylamic  acid)  the  precipitates  were  washed  with  water  till  it  gave  a  neutral  reaction,  and  dried 
at  60-80*.  After  that,  they  were  recrystallized  from  organic  solvents,  best  of  all  from  a  chloroform—  petroleum 
ether  (1 : 1)  mixture.  The  melting  points  of  purified  imides  were  checked  against  the  ones  given  in  the  litera¬ 
ture,  but  in  cases  where  these  were  not  found  in  the  literature,  the  melting  points  were  compared  with  those  of 
imides  prepared  according  to  Wanag  [34].  p-Carboxyphenylmaleimide  was  not  isolated,  since  it  was  formed  in 
very  small  amounts,  and  it  was  impossible  to  separate  it  from  p-carboxyphenylmaleamic  acid  by  dissolving 
only  the  latter  in  a  carbonate  solution  —  the  presence  of  a  carboxyl  group  in  the  imide  made  it  soluble  too. 

SUMMARY 

1.  We  studied  the  conversion  of  N-arylamic  acids  to  the  corresponding  imides  in  the  course  of  heating 
them  at  various  temperatures. 
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2.  We  showed  that  the  rate  and  degree  of  imide  formation  depended  on  the  structure  of  N-arylamic  acids 
and  the  base  strength  of  the  primary  amines  from  which  they  were  formed. 

3.  Imide  formation  always  began  in  the  solid  phase,  sometimes  at  temperatures  far  below  the  melting 
point  of  the  arylamic  acid.  In  many  cases  complete  conversion  to  imide  could  be  achieved  by  heating  the 
arylamic  acid  in  the  solid  state. 
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CYCLOALKYLATION  OF  PHENOLS  AND  THEIR  ETHERS 


I.  CONDENSATION  OF  PHENOL  WITH  CYCLOHEX ANOL 


A.  R.  Abdurasuleva 


Cyclohexylphenol  was  first  prepared  by  N,  Kursanov  [1]  through  diazotizatlon  of  p-aminocyclohexylben- 

zene. 


Wuyts  [2]  prepared  p-cyclohexylphenol  by  direct  alkylation  of  phenol  with  cyclohexanol  In  the  presence 
of  p-toluenesulfonic  acid, 

Schrauth  and  G8rlg[31  and  later  Bartlett  and  Garland  [4],  by  using  phosphorus  pentoxide  as  the  con¬ 
densing  agent,  prepared  a  mixture  of  o-  and  p-cyclohexylphenol  in  a  75%  yield.  Besides  these  condensing 
agents,  H2SO4  [4,  5],  ZnCIz  [4-6],  or  ZnClj  in  HCl  solution  [5]  have  also  been  used  in  the  alkylation  of  phenol 
with  cyclohexanol.  Phenol  and  its  ethers  have  also  been  alkylated  with  cyclohexene  and  cyclohexyl  chloride 
in  the  presence  of  H1SO4  [7],  Aids  [8],  ZnClj  [8],  BF3  [9],  and  BF3  •  H8PO4  [10].  The  yields  of  cycloalkylation 
products  range  from  15  to  60%.  p- Cyclohexylphenol  can  also  be  formed  in  the  isomerization  of  cyclohexyl 
phenyl  ether  in  the  presence  of  fuming  hydrochloric  acid  [11]. 

In  the  course  of  the  work  going  on  in  our  laboratory  on  the  alkylation  of  aromatic  rings  with  alcohols  we 
studied  the  condensation  of  phenol  with  cyclohexanol  in  the  presence  of  Aids  H3PO4  [12].  By  carrying  out 
a  comparative  study  of  the  different  modifications  of  alkylation  we  aimed  at  explaining  the  effect  of  catalysts 
and  reaction  conditions  on  the  yields  and  compositions  of  products.  The  condensation  of  phenol  with  cyclo¬ 
hexanol  in  the  presence  of  Aldg  was  at  first  carried  out  in  the  usual  way.  To  a  phenol— cyclohexanol  mixture 
we  added  at  room  temperature  and  in  small  portions  Aids  (0»5“2  moles  per  1  mole  of  cyclohexanol),  then 
heated  the  mixture  (3-7  hours).  When  the  reagents  were  used  in  equimolar  amounts  the  yield  of  products  was 
small  (27-30%).  An  increase  in  the  amount  of  aluminum  chloride  to  2  moles  or  a  raised  temperature  had  little 
effect  on  the  total  yield  of  products  (Table  1,  Series  I),  but  was  accompanied  by  a  larger  amount  of  high  boil¬ 
ing  products.  The  main  product  in  these  reactions  was  p-cyclohexylphenol.  Very  small  amounts  of  cyclo¬ 
hexyl  phenyl  ether  or  o-cyclohexylphenol  were  formed.  When  these  experiments  were  carried  out  with  excess 
of  phenol  (up  to  5  moles),  then  it  was  enough  to  use  1  mole  of  Aids  order  to  obtain  a  good  yield  of  cyclo- 
hexylphenols  (Table  1,  Series  II).  It  was  possible  to  increase  the  yield  to  60%  by  keeping  the  amounts  of  rea¬ 
gents  constant  and  changing  the  reaction  temperature  from  20  to  90-100*.  The  optimum  conditions  for  such 
condensations  were  to  heat  the  reaction  mixture  for  3  hours  at  70-80*. 

In  contrast  to  the  preceeding  series  of  experiments,  the  ones  with  excess  of  phenol  gave  a  mixture  con¬ 
sisting  of  almost  equal  amounts  of  o-  and  p-cyclohexylphenols.  Besides  these  we  detected  cyclohexyl  phenyl 
ether,  which  upon  distillation  isomerized  completely  to  the  ortho  isomer. 

In  both  variations  of  the  condensation  we  discovered  among  the  reaction  products  cyclohexyl  chloride, 
the  quantity  of  which  increased  with  decrease  in  temperature. 

Further  on,  we  carried  out  a  series  of  condensations  with  aluminum  phenoxychloride  prepared  beforehand. 
Phenol  was  used  in  excess  (3-5  moles),  and  the  quantity  of  aluminum  chloride  was  varied  from  0.28  to  1.5 
moles  per  mole  of  cyclohexanol.  The  reaction  temperature  was  varied  from  50  to  13Cr ,  Aluminum  chloride 
was  added  in  small  portions  to  the  melted  phenol  (at  90-100*).  After  that,  cyclohexanol  was  added  through 
a  dropping  funnel  to  the  prepared  aluminum  phenoxychloride.  The  yield  of  reaction  products  was  about  64% 
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TABLE  1 

Condensation  of  Phenol  with  Cyclohexanol  •  in  the  Presence  of  AlClj 


Molar  ratios 

■mill 

Yield  of  products  (in  *7o)  | 

Hich- 
boiling 
residue 
(in  g) 

of  phenol : 

:  cyclohexa¬ 
nol:  Aids 

Reaction 
time  (in 
hours) 

cyclohexyl 
phenyl  ether 

3-cyclo- 

hexylphenol 

p-cyclo¬ 

hexylphenol 

I  Series 


1:1:1 

18-20*’ 

96 

5.7 

4.0 

18.0 

3.2 

1:1:1 

50-60 

3 

1.0 

5.7 

20.4 

3.7 

1:1:1 

90—95 

7 

2.2 

4.5 

11.4 

10.6 

1  :  1  :  1.5 

18-20 

24 

4.0 

— 

29.4 

4.2 

1:1:  2.0 

90—95 

6  1 

1 

I  Series 

20.0 

3.5 

5:1:1 

25-30 

6 

_ 

17.6 

35.7 

1.35 

5:1:1 

50-60 

3 

8.5 

23.3 

21.0 

~ 

5:1:1 

70-80 

;i 

8.5 

28.4 

24.0 

— 

5:1:1 

90-100 

3 

9.5 

17.0 

31.7 

— 

III  Series  (by  formation  of  CgHsOAlClj) 


5:1:1 

50 

11.0 

8.5 

19.0 

20.0 

5:1:1 

90 

6.5 

7.0 

22.6 

18.0 

5:1:1 

50-130 

7.0 

11.0 

13.0 

34.0 

5:1:1 

120-130 

2.5 

22.6 

13.0 

22.6 

5:1:1 

120-150 

5.0 

24.0 

15.5 

24.0 

•In  all  these  experiments  the  amount  of  cyclohexanol  was  10  g  (0.1  moles). 


(Table  1,  Series  III),  The  reaction  products  were;  o-  and  p-cyclohexylphenol  and  cyclohexyl  phenyl  ether;  no 
cyclohexyl  chloride  was  detected.  In  these  experiments  the  amounts  of  cyclohexyl  phenyl  ether  were  appreci¬ 
able,  attaining  247o  in  some  cases.  However,  we  were  unable  to  Isolate  this  ether  in  a  pure  form,  since  it  Iso- 
merized  completely  to  o-cyclohexylphenol  during  distillation. 

Thus  in  these  experiments  the  yield  of  o-cyclohexylphenol  exceeded  that  of  the  para  isomer.  The  ab¬ 
sence  of  cyclohexyl  chloride  and  the  formation  of  comparatively  large  amounts  of  ether  fraction  prompted  us 
to  assume  that  in  these  condensations  cyclohexyl  phenyl  ether  was  the  principal  Intermediate  product  as  well 
as  being  the  source  of  the  ortho  isomer. 

09115011  + AICI3 - ►  C0H5OAICI2 

- *■  Cell50C9lIn  +  n-CgHjiCgH40H  +  O-CglijiCgfl^OH 

VCgllnCglliOH 


The  investigations  on  phosphoric  acid  as  a  condensing  agent  for  the  alkylation  of  phenols  with  alcohols 
are  described  in  the  works  of  Chichibabin  [13],  Tambovtseva  and  Tsukervanik  [14],  Sudorova  [16],  and  in  a 
series  of  patents.  These  indicate  the  advantage  of  these  reactions -high  yields  of  pure,  easily  separated  products. 
According  to  Chichibabin’s  data  [13],  ortho- alkylphenols  are  obtained  with  phosphoric  acid.  However,  all  the 
subsequent  works  indicate  that  only  p- alkylphenols  are  obtained. 

Hart  and  Hagland  [16]  prepared  p-tert-butyl-o-cresol  (63*70)  by  alkylating  o-cresol  with  tert-butyl  alco¬ 
hol.  They  separated  the  reaction  products  by  treating  the  mixture  with  10‘7»  NaOH.  When  we  succeeded  in 
working  out  a  better  method  of  separating  o-  and  p-alkylphenols,  we  again  repeated  the  condensation  of  phenol 
with  cyclohexanol  in  the  presence  of  phosphoric  acid.  We  carried  out  the  reaction  by  adding  cyclohexanol 
gradually  to  a  mixture  of  phenol  (1  mole)  and  phosphoric  acid  (d  1.86,  3  moles).  The  reaction  mixture  was 
heated  at  50- 130* .  The  yield  of  monocyclohexylphenols  was  80*7). 
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TABLE  2 

Condensation  of  Phenol  with  Cyclohexanol  •  in  the  Presence  of  H3PO4 


Molar  ratios 
of  phenol : 

:  cyclohexa¬ 
nol  :  H3PO4 

Temperature 

Reaction 

time 

(in  hours) 

Yields 

Cyclohexyl 

phenyl 

ether 

of  products 

o-cyclo¬ 

hexylphenol 

p-cyclo¬ 

hexylphenol 

High- 
boiling 
residue 
(in  g) 

1:1:3 

50-60° 

3.5 

29.0 

4.5 

25.5 

2.6 

1:1:3 

70—85 

3.0 

25.5 

13.0 

41.0 

— 

1:1:3 

10-95 

3.0 

16.0 

24.0 

34.6 

— 

1:1:3 

120—130  1 

1 

3.0 

11.0 

25.0 

41.0 

— 

•  In  all  the  experiments  the  quantity  of  cyclohexanol  was  10  g  (0.1  moles). 


Contrary  to  our  previous  data  [12],  there  was  an  appreciable  amount  of  o- cyclohexyl  phenol  among  the 
reaction  products.  Cyclohexyl  phenyl  ether,  which  was  also  formed  in  appreciable  amounts,  would  partially  ' 

or  completely  isomerize  to  o-cyclohexylphenol  during  distillation.  Thus  we  obtained  almost  the  same  quan¬ 
tity  of  ortho  as  of  para  isomer  (Table  2).  One  can  judge  the  isomeric  composition  of  alkylphenols  only  on  the 
basis  of  separated  pure  individual  products.  The  usual  treatment  of  reaction  products  with  lO^fc  sodium  hydro-  ' 

ide  did  not  separate  out  the  alkylphenols  completely.  Only  through  a  repeated  treatment  of  the  crude  reaction 
mixture  with  20*70  alkali  were  we  able  to  separate  the  ortho  and  p-cyclohexylphenols  from  other  products.  We 
separated  the  isomers  from  each  other  by  taking  advantage  of  the  difference  in  solubilities  of  their  sodium  salts 
in  alkaline  solutions. 

EXPERIMENTAL 

The  reaction  was  carried  out  in  a  three-necked  flask  to  which  was  attached  a  reflux  condenser,  a  mech¬ 
anical  stirrer,  and  a  thermometer  (sometimes  a  dropping  funnel).  In  Table  1  and  2  we  have  shown  examples  of  | 

typical  reactions. 

I.  We  added  AICI3  over  a  period  of  0.5-2  hours  to  a  phenol— cyclohexanol  mixture  in  a  solvent  or  in 
excess  phenol.  The  mixture  was  either  left  at  room  temperature  over  varying  lengths  of  time,then  heated,  or 
heated  right  away.  When  evolution  of  HCl  ceased,  the  mixture  was  cooled,  decomposed  with  weakly  acidic 
water,  and  extracted  with  benzene.  The  benzene  solution  was  repeatedly  treated  with  20% sodiurri  hydroxide. 

During  this  treatment  the  p-cyclohexylphenolate  precipitated  as  a  crystalline  mass,*  while  phenolates  of  ortho 
isomer  and  of  unreacted  phenol  remained  in  the  alkaline  solution.  The  benzene  solution  contained  ethers  and 
polycyclohexylphenols.  The  solid  phenolate  of  para  isomer  was  separated  and  washed  several  times  with  ben¬ 
zene.  The  extract  was  added  to  the  main  benzene  solution.  Decomposition  of  the  solid  phenolate  with  dilute 
hydrochloric  acid  solution  gave  crude  p-cyclohexylphenol,  m.  p.  120-124*.  The  alkaline  solution  of  phenol¬ 
ates  was  extracted  with  benzene  or  ether  after  decomposition  with  hydrochloric  acid.  The  extract  was  washed 
with  water  and  dried,  then  the  solvent  was  distilled  off.  Fractionation  in  vacuum  yielded  o-cyclohexylphenol, 

b.  p.  115-118*  (at  2  mm),  a  colorless,  oily,  crystallizable  liquid,  m.  p.  49-52*.  The  benzene  solution  was  • 

washed  with  water,  dried,  and  fractionated.  The  following  fractions  were  collected  during  vacuum  distillation;  1 

1st,  b.  p.  118-16(f  (at  2  mm),  mixture  of  ethers;  2nd,  b.  p.  160-200*  (at  2  mm),  viscous  yellow  mass  which  I 

would  not  crystallize  and  turned  out  to  be  a  mixture  of  polycyclohexylphenols  and  their  ethers. 

When  an  excess  of  phenol  was  used  in  these  experiments,  the  polycyclohexylphenol  fraction  was  absent 
and  the  ether  fraction  gave  on  distillation  (b.  p.  118-120*  at  2mm)  an  oily  liquid,  from  which  o-cyclohexyl- 
phenol  (m.  p.  53-54^)  crystallized. 

II.  To  the  melted  phenol  at  40-100*  we  added  aluminum  chloride  in  small  portions.  As  it  was  being 
added  hydrogen  chloride  was  evolved.  After  the  evolution  of  HQ  ceased,  we  added  (still  at  40-100*)  cyclo¬ 
hexanol  over  a  {>eriod  of  1-1.5  hours.  Each  drop  of  added  cyclohexanol  caused  a  renewed  evolution  of  HCl. 

•If  the  insoluble  phenolate  did  not  precipitate  immediately,  then  the  mixture  was  left  standing  for  several  hours.  5 
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As  more  and  more  cyclohexanol  was  added  the  reaction  mixture  changed  in  color  from  pink  to  raspberry  black. 
After  addition  of  alcohol  was  completed,  the  reaction  mixture  was  heated  for  another  1-10  houn  at  the  same 
temperature  and  left  till  the  next  day.  Further  treatment  and  separation  of  reaction  products  were  carried  out 
in  the  same  way  as  described  above.  In  this  case  the  isolated  products  were  purer;  decomposition  of  phenolates 
gave  a  para  isomer  with  m.  p.  124-125*  and  an  ortho  isomer  with  b.  p.  124-125*  (at  5  mm),  m.  p.  52-53*.  Dur¬ 
ing  distillation  the  ethe  r  fraction  isomerized  completely  into  the  ortho  isomer,  which  had  the  same  constants 
as  the  one  above. 

III.  To  a  mixture  of  phenol  and  phosphoric  acid  we  added  (at  50-130*)  cyclohexanol  through  a  dropping 
funnel  over  a  period  of  1-1.5  hours.  As  more  and  more  cyclohexanol  was  added  the  color  of  the  reaction  mix¬ 
ture  gradually  changed  from  pale  pink  to  raspberry  black.  After  that,  the  reaction  mixture  was  heated  at  the 
same  temperature  and  left  till  the  next  day.  On  standing,  the  reaction  mixture  separated  Into  two  layers  :  semi- 
solid  on  top,  liquid  mass  below.  The  reaction  mixture  was  diluted  with  water,  extracted  with  benzene,  and 
treated  as  described  before.  Distillation  of  the  ether  fraction  gave  two  fractions:  1st,  b.  p.  103-108*  (at  3  mm), 
114-120*  (at  4  mm),  was  a  white  pleasant-smelling  labile  liquid;  2nd,  b.  p.  112-118*  (at  3  mm),  125-130*  (at 
4  mm),  was  a  slightly  yellowish  viscous  liquid  which  crystallized  (m.  p.  55-56*)  on  standing  or  seeding  with  the 
ortho  isomer.  A  second  distillation  of  the  first  fraction  gave  cyclohexyl  phenyl  ether. 

B.  p.  90-91*  (at  2  mm),  d*^  1.005,  n^^D  1.5250,  MRjj  53.62;  calc.  53.44. 

To  identify  the  condensation  products  we  combined  the  corresponding  fractions  of  all  the  experiments 
(different  modifications)  and  redistilled  or  recrystallized  them  again.  From  this  we  obtained  much  purer  pro¬ 
ducts  which  were  characterized  by  their  respective  constants. 

p-Cyclohexylphenol  [3]—  white  needle-like  crystals,  b.  p.  134-135*  (at  4  mm),  m.  p,  130*  (from  ben¬ 
zene), 

2.6- Dinitrocyclohexylphenol  [4]  was  prepared  by  treating  p-cyclohexylphenol  with  nitric  acid  (d  1.4)  in 
glacial  acetic  acid.  It  formed  light-yellow  leaflets,  m.  p.  84-85*  (from  ethyl  alcohol). 

p-Cyclohexylphenoxyacetic  acid,  m.  p.  151*  [17];  benzyl  ether,  m.  p.  117-118*  [5];  acetate,  m.  p.  35- 
36*  [18];  methyl  ether,  m.  p.  55-56*  [8];  ethyl  ether,  m.  p.  40*  [8];  phenylurethane,  m.  p.  144-145*. 

o-Cyclohexylphenol  [3]—  colorless  oily  liquid,  b,  p.  124-125*  (at  5  mm),  m.  p.  56*  (from  petroleum 
ether). 

4.6- Dinitrocyclohexylphenol  [4].  We  dissolved  10  g  of  o-cyclohexylphenol  in  30  ml  of  glacial  acetic 
acid.  To  the  mixture  we  added  at  15-20*  and  with  vigorous  stirring  30-35  ml  of  nitric  acid  (d  1.4  or  1.34) 
over  a  period  of  3  hours.  After  that,  the  mixture  was  left  standing  at  room  temperature  till  the  next  day.  After 
the  usual  treatment  we  obtained  12.6  g  (85*7o)  of  the  dinitro  derivative,  m.  p.  105-106*  (from  ethyl  alcohol). 
Dinitro-o-cyclohexylphenol  (DINOPH)  is  used  to  protect  plants  against  diseases  and  pests  [19].  Our  compound 
was  tested  against  a  pest  in  the  cotton  plant  and  was  found  to  be  very  effective. 

o-Cyclohexylphenoxyacetic  acid,  m.  p.  129-131*;  benzyl  ether,  m.  p.  39^  [9];  methyl  ether  [8],  b.  p. 
101-103*  (at  2  mm),  d^®4  1.0111,  n^®D  1.5345,  MR£,  58.54;  calc.  58.07;  ethyl  ether  [8],  b.  p.  114-115*  (at 
3  mm),  d*“4  0.9991,  n*®D  1.5270,  MRj)  62.77;  calc.  62.69. 

SUMMARY 

1.  Condensations  between  cyclohexanol  and  phenol  in  the  presence  of  aluminum  chloride  were  investiga¬ 
ted.  Depending  on  the  conditions  of  condensation  and  the  amounts  of  reagents  one  obtained  different  quantities 
of  ortho  and  p-cyclohexylphenols  and  of  cyclohexyl  phenyl  ether.  The  total  yield  of  the  above  named  com¬ 
pounds  was  as  high  as  60‘7o. 

2.  Contrary  to  previous  data,  it  was  shown  that  in  the  presence  of  phosphoric  acid  the  reaction  products 
contained  appreciable  quantities  (up  to  50*70)  of  o-cyclohexylphenol.  The  total  yield  of  cyclohexylphenols 
attained  80*70. 

3.  In  all  these  cases,  cyclohexyl  phenyl  ether  was  partially  or  completely  isomerized  during  distillation 
to  o-cyclohexylphenol. 
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MERCAPTOAMINES 


I.  6-MERCAPTOETHYLAMINE  AND  ITS  N-SUBSTITUTED  DERIVATIVES 
F.  lu.  Rachinskii,  N.  M.  SI  a  vache  vsk  a  ia  and  D.  V.  Ioffe 


Due  to  their  pharmacological  [1-3]  and  chemical  [4,  5]  properties  6-mercaptoethyIamine  and  its  deriva¬ 
tives  have  recently  attracted  the  attention  of  more  and  more  investigators.  However,  the  synthesis  and  properties 
of  these  compounds  are  not  sufficiently  well  covered  in  the- literature,  which  fact  prompted  us  to  carry  out  the 
present  investigation. 

6-Mercaptoethylamine  was  first  prepared  by  Gabriel  [6]  by  the  acid  cleavage  of  N-(0-mercaptoethyl)- 
phthalimide.  Later  he  used  for  this  purpose  the  reaction  between  ethylenimine  and  hydrogen  sulfide  [7]  and  also 
acid  cleavage  of  2-mercaptothiazolIne  [8],  obtained  from  the  reaction  of  carbon  disulfide  with  6-bromoethyl- 
amine  [9]  or  ethanolamine  [10].  Besides  this,  0-mercaptoethylamIne  can  be  prepared  by  the  reaction  of  fl- 
chloroethylamine  with  potassium  hydrogen  sulfide  and  by  alkaline  saponification  of  S-fi-aminoethylisothiourea 
hydrochloride. 

An  experimental  investigation  of  different  methods  of  preparing  fl-mercaptoethylamine  (carried  out  under 
the  direction  of  I.  S.  Ioffe)  led  us  to  the  conclusion  that  the  two  most  rational  methods  were:  reaction  of  ethyl¬ 
enimine  with  hydrogen  sulfide  (as  modified  by  Bestian  [11])  and  acid  cleavage  of  2-mercaptothiazoline,  ob¬ 
tained  directly  from  ethanolamine. 

Unlike  Knorr  [10],  we  prepared  2-mercaptothiazoline  in  an  aqueous  medium  in  the  presence  of  an  emulsi¬ 
fier,  and  consequently  the  yield  of  2-mercaptothiazoline  was  raised  to  897o  (computed  from  ethanolamine). 

The  acid  clearing  of2-mercaptothiazoline  was  accomplished  byrefluxing  the  compound  for  a  long  time 
with  concentrated  hydrochloric  acid.  The  6-mercaptoethylamine  hydrochloride  obtained  from  this  contained 
up  to  5%  of  bis-(0-aminoethyl)-disulfide. 

fl-Mercaptoethylamine  was  a  strong  base  and  readily  formed  various  salts  (Table  1). 

The  0-mercaptoethylamine  base  ionization  constant  was  determined  from  the  half-neutralization  point 
on  a  potentiometric  titration  curve  and  turned  out  to  be  4.8  *10”®  at  18*,  only  about  one  order  of  magnitude 
smaller  than  the  base  constant  of  monoethanolamine  (K  =  3.1  •  10"®).  Air  oxygen  and  weak  oxidizing  agents 
readily  oxidized  6  -mercaptoethylamine  in  alkaline  solutions  to  the  disulfide.  Oxidation  was  catalyzed  by  di¬ 
valent  ions  of  copper  and  iron.  Under  the  action  of  strong  oxidizing  agents  (hydrogen  peroxide  in  acetic  acid) 
it  formed  taurine  (aminoethylsulfonic  acid).  The  free  base  as  well  as  the  hydrochloride  of  0-mercaptoethyl¬ 
amine  readily  condensed  with  carbonyl  compounds  to  form  thiazolidines  and  mercaptals  [12,  14], 

N- Substituted  0-mercaptoethylamines  can  be  prepared  by  reacting  corresponding  N-substituted  0-halo- 
ethylamines  with  potassium  hydrogen  sulfide  and  by  hydrolytic  cleavage  of  isothiourea  compounds  [13].  In  both 
cases  the  amino  alcohols  (starting  materials)  are  not  readily  available.  A  more  expedient  method  is  to  synthe¬ 
size  the  N-substituted  0-mercaptoethylamines  by  the  condensation  reaction  between  ethylene  sulfide  and  amines. 
Ethylene  sulfide  is  relatively  easily  prepared  by  reacting  ethylene  oxide  with  thiourea  in  xylene;  the  yield  is 
about  707o  (calculated  from  thiourea).  Despite  the  fact  that  the  condensation  between  sulfides  and  amines  is 
sufficiently  well  covered  in  the  literature  [15-19],  the  optimum  conditions  for  the  reaction  are  not  yet  estab¬ 
lished.  We  found  out  that  one  should  distinguish  two  cases  of  the  ethylene  sulfide  reaction  with  amines:  reac¬ 
tions  with  strongly  basic  and  weakly  basic  amines.  While  strongly  basic  amines  (for  example  dimethylamine) 
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TABLE  1 


Properties  of  Some  fl-Mercaptoethylamine  Salts 


Salt 

Melting 

point 

^H 

calculated 

found 

Hydrochloride 

7cr 

29.1 

28.6 

Hydrobromide 

159  - 160 

20.8 

20.9 

Ascorbinate 

90 

12.9 

13 

NIcotinate 

132  -  134 

16.3 

16.5 

Salicylate 

104  -  105 

15.3 

15.3 

react  readily  witii  ethylene  sulfide  in  cold  in  the  presence  of  nonprotonic  solvents  (anhydrous  benzene),  vreakly 
basic  amines  (for  example  aniline  and  its  derivatives)  react  with  ethylene  sulfide  slowly.  In  the  case  of 
weakly  basic  amines  the  reaction  is  facilitated  by  the  use  of  enolizable  solvents  (alcohols)  and  by  heating.  If 
the  reaction  between  strongly  basic  amines  and  ethylene  sulfide  is  carried  out  in  alcohol,  an  extensive  poly¬ 
merization  of  the  latter  takes  place,  and  the  yield  of  mercaptoamines  is  sharply  reduced  [17].  Amines  with 
small  base  ionization  constants  (ethyl  p-aminobenzoate,  o-  and  p-nitroanilines)  do  not  react  with  the  sulfide 
under  the  above  described  conditions.  But  (as  lu.  K.  lur'ev’s  investigations  [19]  have  shown)  this  reaction  can 
be  accomplished  through  heating  in  sealed  tubes. 

Table  2  lists  the  properties  of  synthesized  N-substituted  0-mercaptoethylamines.  The  base  ionization 
constants  of  N-alkylsubstituted  6-mercaptoethylamines,  in  contrast  to  those  of  the  N-arylsubstituted  ones,  are 
close  to  the  constants  of  0-mercaptoethylamine  itself.  N-substituted  6-mercaptoethylamines  are  compara¬ 
tively  stable  toward  weak  oxidizing  agents,  yet  in  the  presence  of  divalent  iron  ions  they  will  be  oxidized  by 
oxygen  in  the  air  to  corresponding  disulfide. 

Besides  the  ones  obtained  from  oxidation  of  mercaptoamines  the  disulfides  were  also  prepared  (BO-BS^o 
yield)  by  reacting  corresponding  6-haloalkylamines  with  sodium  disulfide  in  aqueous  solution.  With  the  ex¬ 
ception  of  bis-(6-aminoethyl)-disulfide,  the  disulfides  were  sparingly  soluble  in  water  but  highly  soluble  in 
organic  solvents.  Table  3  lists  the  properties  of  synthesized  aminodisulfides. 

EXPERIMENTAL 

2-Mercaptothiazoline.  We  added  61  g  of  monoethanolamine  and  0.3  g  of  an  emulsifier  (OP-10)  to  an 
aqueous  sodium  hydroxide  solution  (120  gin  180  ml  of  water)  cooled  to  0*.  To  the  cooled  mixture  we  added 
120  g  of  carbon  disulfide  with  vigorous  stirring  and  heated  the  mixture  for  6  hours  at  40-50*.  After  that,  the 
reaction  mixture  was  heated  for  4  hours  at  100*.  After  the  solution  cooled,  a  crystalline  product  was  filtered 
out  and  washed  with  glacial  acetic  acid.  The  m.  p.  106*  (from  water).  The  yield  101  g  (85%). 

3  - Mercaptoethylamine  hydrochloride.  We  refluxed  300  g  of  2-mercaptothiazoline  in  600  ml  of  concen¬ 
trated  hydrochloric  acid  for  72  hours.  Cooled  solution  was  diluted  with  water,  the  unreacted  2-mercaptothia¬ 
zoline  removed,  the  filtrate  treated- with  charcoal  and  evaporated.  The  viscous  mass  (residue)  was  kept  for 
several  days  in  a  vacuum  desiccator  over  solid  potassium  hydroxide.  The  m.  p.  was  70*.  The  yield  244  g  (96%). 
The  salts  of  6 -mercaptoethylamine  were  prepared  by  reacting  0-mercaptoethylamine  bases  with  equivalent 
amounts  of  respective  acids  in  aqueous  solutions;  water  was  subsequently  distilled  off  in  vacuum. 

Bis-(0  -aminoethyl)-disulfide.  A  current  of  carbon  dioxide-free  air  was  bubbled  through  a  solution  of 
0-mercaptoethylamine  (77  g)  in  ethyl  alcohol  (400  ml)  which  also  contained  5  ml  of  a  0.1  N  ferrous  sulfate 
solution.  After  6  hours  the  reaction  was  over;  this  was  determined  by  the  negative  test  for  a  mercapto  group. 

The  solution  was  treated  with  charcoal,  filtered,  and  the  filtrate  saturated  with  dry  hydrogen  chloride.  The 
resulting  precipitate  was  filtrated  out  and  washed  with  acetone.  When  the  alcoholic  filtrate  was  concentrated 
and  treated  with  an  equal  volume  of  acetone,  additional  disulfide  precipitated.  The  m.  p.  was  212*  (from  alco¬ 
hol).  Yield  101.5  g  (90%). 

Other  disulfides  were  prepared  under  similar  conditions  (Table  3). 
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Properties  of  N- Substituted  3-Mercaptoethylamines  ^N— CHg— CHjSH 
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Properties  of  Some  Aminodisulfides 
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Compounds  Nos,  4-8  were  synthesized  for  the  first  time. 


Bls-(N-dimethyl-0-aminoethyl)-disuIfide.  We  placed  32  g  of  powdered  sulfur  and  a  saturated  solution 
of  sodium  sulfide  nonahydrate  (240.2  g)  in  a  three-necked  flask  supplied  with  a  stirrer,  a  reflux  condenser,  and 
a  dropping  funnel,  'fhe  mixture  was  heated  till  the  sulfur  completely  dissolved.  To  the  hot  disulfide  solution 
we  added  at  70*  a  saturated  aqueous  solution  of  N-dimethyl-6-chlotoethylamine  (144  g),  and  the  mixture  was 
kept  for  3  hours  at  70-80*.  After  that,  the  mixture  was  cooled  to  40-50*,  neutralized  with  85  ml  of  concentra¬ 
ted  hydrochloric  acid,  treated  with  15  g  of  activated  charcoal,  and  filtered.  The  colorless  filtrate  was  evap¬ 
orated  to  the  first  appearance  of  salt  crystals,  and  made  alkaline  with  100  ml  of  40%  NaOH.  The  oil  which 
floated  up  was  separated,  dried  over  anhydrous  sodium  sulfate  and  fractionally  distilled  in  vacuum.  The  yield 
of  disulfide  was  82  g  (78.8%). 

Taurine  (aminoethylsulfonic  acid).  To  11.3  g  of  0-mercaptoethylamine  hydrochloride  in  25  ml  of  ace¬ 
tic  acid  we  slowly  added  a  perhydrol  — acetic  acid  mixture  (50  ml  of  each).  The  temperature  was  maintained 
in  the  45-50*  range.  After  that,  the  solution  was  heated  on  a  boiling  water  bath  till  the  peroxide  decomposed, 
and  the  volatile  substances  were  distilled  off  in  vacuum.  The  light-yellow  residue  was  treated  with  an  alcohol- 
acetone  (1:4)  mixture.  The  compound  was  filtered  out.  The  m.  p.  was  315-320*.  The  yield  3.5  g  (28%). 

Found  %:  N  11.31;  S  29.4.  QH^OiNS.  Calculated  %;  N  11.17;  S  29.5. 

We  obtained  a  similar  yield  of  N,  N-diethyltaurine,  m.  p.  150*  (from  water). 

2-Ethylthiazolidine.  Propionaldehyde (17.4  g)  and  ethylenimine  (12.9  g  )  were  dissolved  in  40  ml  of 
methyl  alcohol  and  saturated  with  hydrogen  sulfide  for  3-4  hours  at  —10*.  After  that,  the  solution  was  kept  for 
2  hours  at  room  temperature.  After  repeated  fractional  distillation  a  compound  with  the  following  constants  was  ob- 

B.  p.  170-175*;  d*°4  1.0216,  no  1.5135,  MRd  34.45;  calc.  34.38. 

Found  %:  S  27.34;  N  11.96.  QH^NS.  Calculated  %:  S  27.35;  N  11.99. 

Under  similar  conditions  we  prepared  2-propylthiazolidine  from  butyraidehyde.  The  b.  p.  was  74-75*  (at 
10  mm),  d^'’4  0.9844,  n*°D  1.5030. 

Ethylene  sulfide.  To  an  aqueous  ethylene  oxide  solution  (88  g  in  100  ml  of  water)  we  added  at  10*  76  g 
of  thiourea  over  a  period  of  30  minutes;  after  that,  we  added  to  the  mixture  100  ml  of  xylene,  stirred  the  mass 
for  2  hours  at  4-6®,  separated  the  xylene  layer,  and  treated  the  aqueous  layer  with  another  100  ml  of  xylene. 

The  combined  xylene  extracts  were  dried  over  calcium  chloride.  Distillation  in  an  efficient  fractionating 
column  yielded  a  45-62*  fraction.  Repeated  fractionation  yielded  a  54-60“  fraction.  The  yield  was  40-44  g 
(65-70%),  n^®D  1.4900.  Pure  ethylene  sulfide  could  be  stored  at  1-5*  for  over  a  month. 

N-Substituted  0  -mercaptoethylamines.  The  synthesis  was  carried  out  by  one  of  the  below  described 
methods,  a)  N, N- Dimethyl-0 -mercaptoethylamine.  A  mixture  consisting  of  dimethylamine  (22.5  g,  0.5  mole), 
benzene  (100  ml),  and  ethylene  sulfide  (30  g,  0.5  mole)  was  cooled  to  — 15*,  sealed  in  an  ampule,  and  left  for 
24  hours  at  room  temperature.  After  removing  the  polymer  by  fractional  distillation  we  isolated  30  g  (57%)  of 
the  compound,  b.  p.  123-126*. 

b)  N-Phenyl-0 -mercaptoethylamine.  A  mixture  consisting  of  aniline  (14  g),  ethylene  sulfide  (6  g),  and 
ethyl  alcohol  (10  g)  was  sealed  in  an  ampule  and  heated  for  4  hours  at  100*.  After  removing  the  solvent,  we 
obtained  by  fractional  distillation  11  g  (72%)  of  the  compound,  b.  p.  110-125*  (at  47  mm). 

SUMMARY 

1.  A  detailed  study  of  synthetic  methods  and  properties  of  0 -mercaptoethylamine  makes  this  compound 
available  for  the  preparation  of  a  series  of  its  derivatives  and  for  pharmacological  investigations. 

2.  A  series  of  new  N-substituted  0 -mercaptoethylamines  were  prepared  by  the  reaction  between  ethylene 
sulfide  and  amines. 

3.  A  method  of  preparing  aminodisulfides  from  0 -haloalkylamines  and  sodium  disulfide  was  developed. 
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CHLORINATION  OF  OLEFIN  CHLO RO H YD RI NS 


I.  F.  Spasskaia,  V.  S.  Etlis  and  G.  A.  Razuvaev 


The  reaction  of  chlorine  with  olefin  chlorohydrins  has  been  studied  but  little.  There  is  but  one  patent  [1] 
which  reports  the  possibility  of  preparation  of  chloral  by  chlorination  of  ethylene  chlorohydrin.  There  are  no 
data  on  the  chlorination  of  propylene  chlorohydrin.  The  aim  of  the  present  work  was  the  study  of  chlorination 
reactions  of  ethylene  and  propylene  chlorohydrins  under  various  conditions.  The  present  work  is  a  continuation 
of  a  study  of  the  chlorination  of  ethylene  glycol  [2].  We  studied  the  chlorination  of  ethylene  chlorohydrin  as 
Initiated  by  ultraviolet  light  at  the  temperatures  of  30-40*,  60-70*  and  90-100*;  at  30-40*  in  the  presence  of 
1%  HjO;  at  50-60*  in  the  presence  of  marble;  and  as  initiated  by  0.5<7r  acetylcyclohexanesulfonyl  peroxide  [3] 
in  the  70-80*  range. 

TABLE  1 


Results  of  Chlorination  of  Ethylene  Chlorohydrin  and  the  Composition  of  the  Resulting 
Products.  (In  all  the  chlorination  experiments  100  g  of  ethylene  chlorohydrin  was  taken; 
100  g  of  the  chlorinated  mixture  was  subjected  to  distillation) 


Expt.  No. 

1 

2  1 

3  1 

4 

5 

6 

chlorination 

30-40* 

60-70* 

90-100* 

30-4(f 
with  1*70  HjO 

50-60* 
in  n.  V- 

70-80*. 

conditions 

in  u.  V. 

in  u.  V. 

in  u.  V. 

in  u.  V. 

light  with 
marble 

with  0.5% 

light 

light 

light 

light 

perox. 

Duration  of  chlori¬ 
nation  (hours) 

6.5 

25.0 

1 

1 

9.0 

3.5  1 

4.0 

4.5 

Amount  of  chlor¬ 
inated  product 
obtained  (in  g) 

Product  of  distilla¬ 
tion  of  100  g  of 
mixture  (in  g) 

119.0 

116.0 

119.5 

1 

1 

131.5 

105.5 

112.0 

Of  ethylene  chlo¬ 
rohydrin 

48.2 

None 

None 

57.0 

43.5 

Traces 

Of  dichloroace- 
taldehyde 

Traces 

None 

42.7 

Traces 

Traces 

34.0 

Of  dichloroace- 
tyl  chloride 

None 

17.7 

None 

None 

None 

N6ne 

Of  6 -chloroethyl 
dichloroacetate 

14.4 

37.4 

40.0 

11.0 

Traces 

20.5 

Di-(6  -  chloroethyl) 
acetal  of  chloro- 
acetaldehyde 

23.8 

Ndne 

11.1 

19.6 

20.5 

30.0 

Distillation  residue 

ll.l 

10.4 

0.75 

3.21 

8.8 

9.2 

3033 


The  following  compounds  were  isolated  from  the  chlorination  products  and  identified:  ethylene 
chlorohydrin  (I),  dichloroacetaldehyde  (II),  dichloroacetyl  chloride  (III),  8 -chloroethyl  dichloroacetate  (IV), 
and  di-( 8 -chloroethyl)  acetal  of  chloroacetaldehyde  ( V).  The  data  on  the  composition  of  mixtures  formed 
under  the  conditions  listed  above  are  given  in  Table  1. 

Insofar  as  8  -chloroethyl  dichloroacetate  was  found  in  all  the  experiments  among  the  chlorination  products 
along  with  either  dichloroacetaldehyde  or  dichloroacetyl  chloride,  one  may  suppose  that  during  the  action  of 
chlorine  on  (I)  there  occurs  a  process  of  oxidation  and  chlorination  which  is  accompanied  by  secondary  reactions 
of  acetal  or  ester  formation.  Evidently,  the  first  stage  of  the  reaction  of  chlorine  with  (I)  is  the  oxidation  of  the 
latter  to  chloroacetaldehyde.  We  failed  to  isolate  free  chloroacetaldehyde,  but  its  formation  cannot  be  doubted 
owing  to  the  isolation  of  acetal  (V)  in  the  majority  of  the  experiments.  Chloroacetaldehyde  is  chlorinated 
further  to  dichloroacetaldehyde,  which,  with  chlorine,  forms  the  dichloroacetyl  chloride.  For  the  proof  of  this 
supposition  we  subjected  dichloroacetaldehyde,  prepared  by  chlorination  of  ethyl  alcohol,  to  chlorination  in  ultra 
violet  light.  Dichloroacetyl  chloride  was  obtained  as  the  result  of  this  experiment.  Dichloroacetyl  chloride 
forms  the  corresponding  ester  with  ethylene  chlorohydrin. 

Thus,  the  reaction  of  chlorine  with  ethylene  chlorohydrin  may  be  represented  by  the  following  reactions: 


CHa— CH2CI  +  CI2  — >  -HCl  +CH2CI— CHO 
OH  (I) 


/h 


0CH2— CH2G1 


GHjCl-CHO  +  2  (1)  ^  H2O  +  GH2GI— OH  (V) 

'\OGH2— GH2GI 

GH2GI— GHO  +  GI2  ^  GHGI2— GHO  +  HGl 

(II) 

/G1 

(II)  -1-  GI2  — HGl  4-  GHGI2— G<f 

(III)  ^0 

(III)_1_(I)  GHGl2-G<f 

\OGH2— GH2GI  HGl 
(IV) 


The  presence  of  1*^  of  water  and  the  method  of  initiation  do  not  affect  the  direction  of  the  reaction 
materially.  Chlorination  of  (I)  in  the  presence  of  marble  led  predominantly  to  the  formation  of  (V)  owing  to  the 
catalytic  action  of  the  resulting  calcium  chloride  [4]. 

Chlorination  of  1-chloro -2-propanol,  initiated  by  ultraviolet  light,  leads  to  the  formation  of  a  mixture  of 
chloroketones.  From  this  mixture  we  were  able  to  isolate  1,1,3-trichloropropanone,  which  constituted  21<7o  of 
the  products  chlorinated  at  30-40*,  and  37%  of  those  chlorinated  at  95-100*.  No  other  individual  chloroketones 
could  be  isolated. 


EXPERIMENTAL 

Ethylene  chlorohydrin  (b.p.  126-128*  and  n*D  1.4419)  or  propylene  chlorohydrin  (b.p.  128-130*  and  n*D 
1.4334)  obtained  according  to  Michael  [5]  were  loaded  into  a  quartz  reactor  provided  with  a  reflux  condenser  and 
a  thermometer.  Dry  chlorine  was  introduced  through  a  disperser  made  of  a  porous  glass  plate.  The  reactor  was 
illuminated  by  a  PRK-2  mercury  quartz  lamp  set  at  the  distance  of  9  cm  from  the  reactor.  The  chlorination  was 
run  until  no  further  weight  increase  could  be  effected.  Hydrogen  chloride  was  removed  by  prolonged  blowing 
with  dry  nitrogen.  The  products  which  were  carried  along  by  the  nitrogen  stream  were  caught  in  a  trap  kept  at 
—  60*  to  —70*.  Then  the  products  were  kept  over  marble  for  several  days. 

The  data  on  the  chlorination  of  ethylene  chlorohydrin  and  the  composition  of  the  chlorination  products 
are  given  in  Table  1.  Ethylene  chlorohydrin  (I)  isolated  in  experiments  1,  4  and  5  had  b.p.  126-127*  and  n*D 
1.4420.  Ethylene  oxide  was  obtained  by  dehydrochlorination  with  a  sodium  hydroxide  solution.  Dichloroacetaldehyde 
(II)  isolated  in  experiments  3  and  6  and  purified  by  triple  distillation  had  b.p.  89 .5 -90 .5* (b.p.  89.5-90.5  [6]). 

Found  %:  a  62.63.  CjHjOCl,.  Calculated  %:  Cl  62.83. 
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Six  g  of  dichloroacetic  acid  was  obtained  in  the  oxidation  of  6.5  g  of  (II)  with  concentrated  nitric  acid 
at  70-80*.  The  aniline  salt  of  this  acid  had  m.p.  123-124*  (from  benzene  and  alcohol).  The  mixed  melting 
point  with  the  aniline  salt  of  dichloroacetic  acid  synthesized  from  chloral  [7]  showed  no  depression. 

Dichloroacetyl  chloride  (III)  was  isolated  in  experiment  2;  b.p.  107-108*,  n**D  1.4800  (b.p.  107-108*  [8]). 

Found  Cl  70.80;  Cl  (hydrolyzable)  22.80.  CjHOCl,.  Calculated  <^0:  Cl  72.20;  Cl  (hydrolyzable)  24.06. 

From  3  g  of  (III)  we  obtained  1.2  g  of  dichloroacetamide  (VI)  with  m.p.  98*  (from  benzene)  (m.p.  98*  [9]). 

Found  Cl  56.88;  N  10.34.  CjHjONClj.  Calculated  <7o;  Cl  55.46;  N  10.93. 

6 -Chloroethyl  dichloroacetate  (IV)  was  isolated  in  experiments  1-4  and  6;  b.p.  75-78*  (5  mm),  n*D  1.4722 
(b.p.  209-212*  at  767  mm  [8]).  By  hydrolysis  of  10  g  of  (IV)  with  a  sodium  hydroxide  solution,  followed  by  steam 
distillation,  we  detected  ethylene  oxide  qualitatively  (test  with  sodium  chloride  and  phenolphthalein)  and  isolated 
1.7  g  of  dichloroacetic  acid,  whose  aniline  salt  had  m.p.  123-124*  (from  benzene  and  alcohol).  The  mixed  melt¬ 
ing  point  with  the  aniline  salt  of  dichloroacetic  acid  was  not  depressed. 

Di-(6 -chloroethyl)-acetal  of  chloroacetaldehyde  ( V)  isolated  in  experiments  1  and  3-6  had  the  following 
constants: 

b.p,  124-127"  for  8  mm,  n“D  1.4784,  1.3250,  M  219.31,  MRq  47.35;  Calc.  M  221.5,  MR^  47.79 

(b.p.  134-135*  for  10  mm,  n^D  1.4757,  d*®4  1.320  [10]). 

From  8.5  g  of  (V)  we  obtained,  by  cleavage  with  concentrated  sulfuric  acid  and  oxidation  with  2%  solution 
of  potassium  permanganate,  5.0  g  of  an  acid  whose  aniline  salt  had  m.p.  89-90*  (from  benzene).  The  mixed 
melting  point  with  the  aniline  salt  of  chloroacetic  acid  was  not  depressed. 

Chlorination  of  dichloroacetaldehyde  (II).  Dichloroacetaldehyde  was  prepared  by  chlorination  of  ethyl 
alcohol  [11].  The  chlorinated  mixture  was  diluted  with  water  and  the  hydrate  of  (II)  was  isolated  from  it  by 
distillation  through  a  fractionating  column  with  a  20 -theoretical-plate  efficiency;  from  the  hydrate  we  obtained 
(II)  (b.p.  87.5  at  742  mm  and  n*’D  1.4510)  by  two  distillations  with  concentrated  sulfuric  acid  and  a  distillation 
through  a  fractionating  column  with  a  16-theoretical-plate  efficiency.  (Il)(28.2  g)  was  placed  in  a  quartz  test- 
tube  provided  with  a  reflux  condenser,  a  thermometer  and  a  bubbler.  The  test  tube  was  illuminated  with  the 
PRK-2  quartz  mercury  lamp  set  at  the  distance  of  9  cm.  The  temperature  was  maintained  spontaneously  at  63* 
by  the  reaction  mixture.  The  chlorination  lasted  for  13  hours.  Hydrogen  chlotide  was  removed  by  keeping  the 
product  for  several  days  over  marble.  As  a  result,  we  obtained  13.2  g  of  a  product  from  which  we  were  able  to 
isolate  by  distillation  7.5  g  of  (III)  which  had  b.p.  105-107*  (b.p.  107-108*  [8]). 

Found  Cl  71.05;  Cl  (hydrolyzable)  23.45.  C2HOCI3.  Calculated  <51):  Cl  72.20;  Cl  (hydrolyzable)  24.06. 

From  3.1  g  of  (III)  we  obtained  1.7  g  of  (VI)  with  m.p.  98*  (from  benzene  [9])  (m.p.  98*). 

Found  *70:  Cl  54.85;  N  10.74.  CjHjONClj.  Calculated  <7o:  Cl  55.46;  N  10.93. 

Data  on  the  chlorination  of  propylene  chlorohydrin  and  the  fractional  composition  of  the  resulting  products 
are  given  in  Table  2. 

Fraction  a  from  experiments  1  and  2  consisted  of  a  mixture  of  mono-  and  dichloroacetones,  which  could 
not  be  separated  since  the  difference  in  their  boiling  points  was  but  1*.  The  chlorine  content  in  this  fraction 
from  experiment  1  was  46.52^o,  which  corresponded  to  a  mixture  consisting  of  53.5%  of  monochloroacetone  and 
46.50%  of  dichloroacetone.  The  chlorine  content  in  this  fraction  from  experiment  2  was  47.88%,  which  corres¬ 
ponded  to  a  mixture  of  45.75%  of  monochloroacetone  and  54.25%  of  dichloroacetone. 

From  fraction  b  from  both  experiments  we  isolated  1,1,3-trichloropropanone  ( VII)  with  b.p.  60-63*  at 
3  mm,  n®D  1.4900  (b.p.  172*  [12]). 

Found  %:  C  21.82;  H  1.82;  Cl  66.08.  M  165.40  (cryoscopic)  .  CjHjOClj.  Calculated%:  C  22.29; 

H  1.85;  Cl  65.94.  M  161.5. 

We  obtained  2.2  g  of  an  acid  whose  aniline  salt  was  identical  with  the  aniline  salt  of  dichloroacetic  acid, 
by  oxidation  of  4.8  g  of  (VII)  with  2%  potassium  permanganate  solution.  After  the  oxidation  we  found  in  the 
solution  1.077  g  of  chlorine  by  the  mercurometric  method,  while  calculation  indicated  that  there  should  have 
been  1.055  g. 
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TABLE  2 


Results  of  Chlorination  of  Propylene  Chlorohydrin  in  Ultraviolet  Light  and 
the  Fractional  Composition  of  the  Resulting  Products  (100  g  of  propylene 
chlorohydrin  was  taken  for  chlorination;  100  g  of  the  chlorinated  product 
was  taken  for  the  distillation) 


Experiment  No. 

1 

2 

Reaction  temperature 

30-40* 

95-100* 

Duration  of  chlorination  (hours) 

14.5 

15.5 

Product  obtained  (g) 

147.2 

161.5 

Fractional  composition  (g) 
a)  102-126*  at  754  mm 

41.3 

18.55 

b)  56 -63*  (3  mm) 

21.7 

37.30 

c)  63-100*  (3  mm) 

11.1 

13.65 

Distillation  residue  (g) 

9.7 

12.8 

We  failed  to  isolate  any  individual  substances  from  fraction  c  of  either  experiment.  The  chlorine  content 
and  the  positive  test  for  a  carbonyl  group  gave  grounds  for  supposing  that  this  fraction  was  a  mixture  of  more  fully 
chlorinated  ketones. 


SUMMARY 

1.  In  chlorination  of  ethylene  chlorohydrin  initiated  by  ultraviolet  light  or  by  acetylcyclohexanesulfonyl 
peroxide  the  following  substances  are  formed:  dichloroacetaldehyde,  dichloroacetyl  chloride,  0  -chloroethyl 
dichloroacetate  and  di-( 6 -chloroethyl) -acetal  of  chloroacetaldehyde.  An  explanation  of  formation  of  these 
products  is  given. 

2.  Chlorination  of  dichloroacetaldehyde  initiated  by  ultraviolet  light  leads  to  the  formation  of  dichloro¬ 
acetyl  chloride. 

3.  In  chlorination  of  propylene  chlorohydrin  initiated  by  ultraviolet  light  at  30-100*  a  mixture  of  chloro- 
ketones  was  formed,  from  which  we  isolated  and  identified  some  1,1,3-trichloropropanone. 
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REACTION  OF  MERCURIC  PIVALATE  WITH  PEROXIDES  AND  WITH  LIGHT 


lu.  A.  Ol'dekop  and  T.  V.  Vasilevskaia 


It  was  shown  in  the  previously  published  papers  [1-3]  that  mercuric  salts  of  carboxylic  acids  undergo  a 
decarboxylation  reaction  with  formation  of  the  corresponding  organometallic  compounds  under  the  influence  of 
peroxides  or  ultraviolet  light.  In  the  reaction  of  acetyl  peroxide  and  some  other  peroxidic  compounds  with 
mercuric  acetate  and  propionate  the  process  has  the  radical  chain  character.  In  the  present  work  we  studied  the 
reactions  of  mercuric  pivalate  (trimethylacetate)  with  benzoyl  peroxide  and  with  a  dialkyl  peroxide  -  di-tert- 
butyl  peroxide  -  as  well  as  with  ultraviolet  light. 

The  reaction  of  mercuric  pivalate  with  benzoyl  peroxide  was  run  in  a  benzene  solution  at  80*.  From  this 
reaction  we  obtained  phenylmercury  compounds.  The  yield  was  94.8*70  based  on  benzoyl  peroxide.  Metallic 
mercury  (39.T7o),  pivalic  acid  (30*7o)  and  a  small  amount  of  tarry  products  were  found  among  the  reaction  products. 
The  reaction  of  di-tert-butyl  peroxide  with  mercuric  pivalate  was  run  in  chlorobenzene  solution  at  the  boiling 
point  of  the  solvent.  As  shown  recently  [4],  chlorobenzene  is  not  a  completely  inert  solvent  for  di-teit- butyl 
peroxide;  nevertheless  it  is  more  convenient  than  other  solvents.  From  the  reaction  we  obtained  rnethylmercury 
compounds  (in  35.7*7o  yield  based  on  the  original  salt),  metallic  mercury  (50.G°/o),  pivalic  acid  (68.7<7o)  and  gas 
containing  carbon  dioxide.  The  rnethylmercury  compounds  were  determined  in  a  manner  similar  to  that  described 
previously  [2].  Fixation  of  methyl  radicals  in  the  decomposition  of  di-tert-butyl  peroxide  was  observed  for  the 
first  time,  insofar  as  we  were  able  to  determine. 

Illumination  of  mercuric  pivalate  in  benzene  with  ultraviolet  light  at  80*  produced  86.5*70  of  mercury,  53.6<7o 
of  pivalic  acid,  a  mercury-containing  tar  and  a  gas  containing  some  carbon  dioxide. 

Since  the  products  and  their  yields  from  the  photoreaction  of  mercuric  acetate  in  benzene  and  in  acetic 
acid  were  distinctly  different  [3],  we  examined  the  effect  of  the  addition  of  pivalic  acid  on  the  photoreaction  of 
mercuric  pivalate  in  benzene.  The  results  of  the  experiment  showed  that  pivalic  acid  does  not  noticeably  effect 
the  photoreaction  of  mercuric  pivalate. 

It  is  possible  to  suppose,  on  the  basis  of  the  data  thus  obtained,  that  the  radical  R*  formed  in  the  decomposi¬ 
tion  of  the  peroxide  ruptures  the  O-Hg  bond  with  formation  of  the  corresponding  RHgOCOC(CHj)s.  In  accord  with 
the  previous  work  [1],  we  may  propose  the  following  scheme: 


(CH3)3CG-0-Hg-0-CC(CH3)3  +  R*- 
0  O 


■  (CH3)3CC-0-Hg-0-CC(CH3)3 
OR'!) 


R  HgOCOC(CH3)3  4-  (CH3)3CC02- 

(  where  R  =  CjHs  •  and  CHs  •*) 


(CF%)8CC02  *  may  decompose  further  with  evolution  of  carbon  dioxide  and  it  may  detach  a  hydrogen  (the 
donor  may  be  the  initial  salt).  The  presence  of  relatively  large  amounts  of  pivalic  acid  in  the  reaction  products 
shows  that  a  reaction  of  hydrogen  redistribution  in  the  pivalyloxy  radical  occurs  to  a  considerable  degree  in  this 
instance,  this  reaction  predominating  over  the  decomposition  of  the  radical. 


•In  accord  with  data  of  Vaughan  and  co-workers  [5]:  (CH3)3COOC(CHj)8  -♦  2(Cl^)sCO* ;  (CH3)sCO*  CHs  + 
+CH3COCH3. 


The  absence  of  compounds  of  tert-butylmercury  in  all  cases  among  the  reaction  products  must  be  ex¬ 
plained  evidently,  by  the  fact  that  the  secondary  radicals  formed  in  the  decomposition  of  the  salt  [(CHg)|CCO|* 
and  (Cl^)sC*]  are  incapable  of  producing  a  subsequent  decomposition  of  the  mercuric  pivalate.  Such  behavior  of 
the  tert-butyl  radical  is  not  unexpected:  there  are  indications  in  the  literature  that  this  radical  is  not  very 
reactive.  Thus,  for  example,  in  the  decomposition  of  dipivalyl  peroxide  in  carbon  tetrachloride,  no  formation 
of  tert-butyl  chloride  was  observed  [6].  At  the  same  time  RCl  was  readily  obtained  in  the  reaction  of  carbon 
tetrachloride  with  other  acyl  peroxides  [7,  8]  (where  R  =  CHj,  n-CjHj,  iso-C^H7,  etc.). 

One  should  mention  the  presence  in  all  the  experiments  of  a  large  amount  of  metallic  mercury  and  the 
absence  of  mercurous  salts. 


EXPERIMENTAL 

Reaction  of  mercuric  pivalate  with  di-tert.  butyl  peroxide  in  a  chlorobenzene  medium.  Into  a  round- 
bottomed  flask  provided  with  a  stirrer  with  a  mercury  seal  and  a  reflux  condenser  connected  to  a  burette  for  gas 
collection  we  placed  10.0  g  of  mercuric  pivalate,*  5.1  g  of  di -tert- butyl  peroxide  with  b.p.  109*  and  n*^D  1.3893 
(prepared  according  to  Milas  [10])  and  100  ml  of  freshly  distilled  chlorobenzene.  The  reaction  mixture  was 
refluxed  for  24  hours.  470  ml  of  a  gas  was  collected.  It  was  found  to  contain  carbon  dioxide  (clouding  of  barium 
hydroxide  solution).  The  gas  was  not  studied  further.  After  completion  of  the  reaction,  2.52  g(50.6  %)  of 
metallic  mercury  was  collected.  The  solvent  was  distilled  off  under  vacuum.  Among  the  distilled  products  we 
detected  1.58  g  of  pivalic  acid.  Steam  was  passed  into  the  remaining  portion.  1.90  g  of  pivalic  acid  was  found 
in  the  distillate.  Thus,  the  total  weight  of  pivalic  acid  was  3.48  g  (68.7*70).  From  the  distillate  and  from  the  residue 
after  the  steam  distillation,  we  obtained  methylmercury  iodide,  by  addition  of  potassium  iodide  (3 .04  g  or  35.7‘55)of 
the  substance  was  obtained);  ithadm.p.  141*.  The  mixed  melting  point  with  pure  methylmercury  iodide  was  142.5*. 
Some  2.25  g  of  tar  was  left  in  the  distilling  flask  and  this  was  not  examined  further. 

Reaction  of  mercuric  pivalate  with  benzoyl  peroxide  in  a  benzene  medium.  The  experiment  was  run  along 
the  same  lines  as  the  previous  one.  We  used  for  the  reaction  10.0  g  of  mercuric  pivalate,  1.57  g  of  benzoyl  peroxide 
(activity  95*75)  and  125  ml  of  benzene.  This  was  heated  for  ten  hours  at  80*.  282  ml  of  a  gas  was  collected.  The 
presence  of  carbon  dioxide  in  it  was  shown.  1.98  g  (39.7*7))  of  mercury  was  collected. 

By  treatment  of  the  reaction  mixture  with  a  potassium  bromide  solution  we  obtained  4.21  g  of  phenylmercury 
bromide,  amounting  to  94.8*7)  yield  as  calculated  on  benzoyl  peroxide  (m.p.  275.5*,  from  acetone);  the  mixed 
melting  point  with  authentic  phenylmercury  bromide  was  276*.  1.54  g  of  pivalic  acid  was  collected. 

A  photoreaction  of  mercuric  pivalate  in  a  benzene  medium  was  carried  out  under  conditions  similar  to 
those  described  previously  [3].  10.0  g  of  mercuric  pivalate  and  175  ml  of  benzene  were  used.  Illumination 
time:  1.5  hours.  420  ml  of  gas  was  collected:  the  presence  of  carbon  dioxide  in  it  was  shown.  The  weight  of 
collected  mercury  was  4.31  g  (86.5*7)).  From  the  benzene  solution  we  isolated  2.69  g  (53.6*7))  of  pivalic  acid. 

We  obtained  1,92  g  of  tar  which  contained  0.48  g  of  mercury.  In  running  the  photoreaction  of  mercuric  pivalate 
in  benzene  with  the  addition  of  5.0  g  of  pivalic  acid  we  obtained  the  same  substances  in  the  same  amounts  as  in 
the  previous  experiment  (after  subtraction  of  the  added  pivalic  acid). 

SUMMARY 

1.  In  the  thermal  reaction  of  mercuric  pivalate  with  benzoyl  peroxide  in  benzene,  phenylmercury  com¬ 
pounds  were  formed.  Mercury,  pivalic  acid  and  carbon  dioxide  were  also  detected. 

2.  In  the  thermal  reaction  of  mercuric  pivalate  with  di-tert-butyl  peroxide  in  chlorobenzene,  formation 

of  compounds  of  methylmercury  occurred.  Thus,  the  methyl  radical  was  fixed  for  the  fint  time  in  the  decomposi¬ 
tion  of  di-tert-butyl  peroxide  in  a  liquid  phase.  Among  the  reaction  products  mercury,  pivalic  acid  and  carbon 
dioxide  were  also  detected. 

3.  The  photoreaction  of  mercuric  pivalate  in  benzene  was  studied  at  80*.  It  was  shown  that  in  photoreac¬ 
tions  the  decomposition  of  mercuric  pivalate  occurs  with  formation  of  mercury,  pivalic  acid,  carbon  dioxide  and 
a  tar  which  contains  mercury. 


•  Mercuric  pivalate  was  prepared  from  sodium  pivalate  and  mercuric  nitrate  [9];  m.p.  233*  (after  recrystalliza 
tion  from  chloroform). 
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4.  In  thermal  and  photoreactions  of  mercuric  pi va late,  the  formation  of  compounds  of  the  type 
(Cl^)3CHgX  was  not  observed. 

LITERATURE  CITED 

[1]  G.  A.  Razuvaev,  lu.  A.  Ol'dekop  and  N.  A.  Maier,  Doklady  Akad.  Nauk  SSSR  98,  613  (1964). 

[2]  G.  A.  Razuvaev,  lu.  A.  Ol'dekop  and  N.  A.  Maier,  J.  Gen.  Chem.  26,  697  (1966).* 

[3]  G.  A.  Razuvaev  and  lu.  A.  Ol'dekop,  Doklady  Akad.  Nauk  SSSR  105,  738  (1955). 

[4]  A.  L.  J.  Beckwith  and  W.  A.  Waters,  J.  Chem.  Soc.  1665  (1957). 

[6]  E.  R.  Bell,  F.  F.  Rust  and  W.  E.  Vaughan,  J.  Am.  Chem.  Soc.  72,  337  (1950). 

[6]  M.  S.  Kharasch,  S.  S.  Kane  and  H.  C.  Brown,  J.  Am.  Chem.  Soc.  64,  1621  (1942). 

[7]  F.  G.  Edwards  and  F.  R.  Mayo,  J.  Am.  Chem.  Soc.  72,  1265  (1950). 

[8]  M.  S.  Kharasch,  S.  S.  Kane  and  H.  C.  Brown,  J.  Am.  Chem.  Soc.  63,  526  (1941). 

[9]  M.  S.  Kharasch  and  F.  W.  Staveley,  J.  Am.  Chem.  45,  2970  (1923). 

[10]  N.  A.  Milas,  and  D.  M.  Surgenor,  J.  Am.  Chem.  Soc.  68,  205  (1946). 

V.  I.  Lenin  Belorussian  State  University.  Received  September  26,  1957 


'Original  Russian  pagination.  See  C.  B.  Translation. 


3039 


i 


SYNTHESIS  OF  ACETYLCHOLINE  LABELLED  WITH  RADIOACTIVE 
CARBON  C^^  IN  THE  ESTER  GROUP 

L.  B.  Dashkevich  and  V.  S.  Karpinskii 


+  — 

Acetylcholine  ([(CHs)3NCH2CH20C0CH3]0H  the  acetic  ester  of  trimethyl -0 -hydroxyethylammonium 
hydroxide)  is  an  effective  parasympathomimetic  substance  and  finds  a  wide  area  of  application  as  a  pilocarpine 
substitute.  Recently  a  series  of  C*^-labelled  esters  of  carboxylic  acids  and  amino  alcohols,  with  therapeutic  sig¬ 
nificance,  have  been  synthesized.  In  1955  novocain,  cocaine  and  anesthesin  labelled  with  C^^  in  the  ester  group 
were  prepared  [1],  while  in  1957  spasmolytin  was  prepared,  labelled  with  C^‘*  both  in  the  ester  group  [2]  and  in 
the  amino  alcohol  residue  [3].  Radioactive  acetylcholine,  labelled  in  the  choline  group,  was  prepared  in  1951 
[4].  For  the  purpose  of  biological  studies  we  accomplished  the  synthesis  of  acetylcholine  labelled  with  in 
the  ester  group  by  the  following  scheme: 


CH2CICH2OH  4-(CH3)3N  — [(CH3)3NCH2CH20h]c1 
CIl3C‘<OONa  +  CICOCH3  CH3C»OOOCCH3 

|(Cn3)3NCH2CH20Hlcr4-  CH3C1«000CGH3  ^ 

^  [(CH3)3NGH2CH20C«OCH3lcr 


The  starting  material  for  the  radioactive  synthesis  was  acetic  acid  labelled  with  in  the  carboxyl  group. 
The  total  radioactivity  of  the  acetic  acid  in  each  experiment  was  3-4  mC.  Acetylation  with  acetic  anhydride  is 
usually  run  in  the  presence  of  acetic  acid.  It  is  therefore  possible  to  suppose  that  molecules  of  this  acid  also 
take  part  in  the  acetylation  reaction.  Moreover,  the  possibilities  of  isotope  exchange  between  molecules  or  of 
exchange  of  acetyl  groups  between  the  acid  and  the  anhydride  in  the  process  of  the  reaction  are  not  excluded. 

In  view  of  these  considerations,  in  our  first  experiments  the  acetylating  mixture  consisted  of  a  nonradioactive 
anhydride  and  radioactive  acid  which  had  been  first  boiled  for  one  hour.  However,  after  acetylation  of  choline 
with  such  a  mixture  the  resulting  product  was  devoid  of  radioactive  properties  within  the  accuracy  of  the  experi¬ 
ment.  This  fact  proved  that  isotope  exchange  and  exchange  of  acetyl  groups  did  not  occur  under  the  conditions 
of  the  experiment  and  that  acetic  acid  does  not  take  part  in  the  reaction  of  acetylation  of  choline,  but  acts  only 
as  a  source  of  hydrogen  ions  which  catalyze  the  esterification  reaction. 

EXPERIMENTAL 

Synthesis  of  choline.  Several  methods  of  preparation  of  choline  are  known.  We  chose  the  method  using 
trimethylamine  and  ethylene  chlorohydrin  [5],  avoiding  the  use  of  sealed  tubes  and  evaporation  of  aqueous  solu¬ 
tions.  Ethylene  glycol  (51  ml)  was  placed  in  a  round -bottomed  flask  and  heated  in  an  oil  bath  to  145*.  At  this 
temperature  a  stream  of  dry  hydrogen  chloride  was  introduced  into  the  reaction  mixture.  The  temperature  slowly 
rose  to  163*  and  after  some  nine  hours  the  ethylene  chlorohydrin  was  distilled  through  a  distilling  condenser. 

After  fractional  distillation  a  fraction  with  b.p.  128-130*  was  obtained:  yield:  45%. 
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A  mixture  of  15  g  of  ethylene  chlorohydrin,  36  g  of  trimethylamine  (3-fold  excess)  and  anhydrous 
ethyl  alcohol*  was  set  aside  for  several  days.  The  reaction  proceeded  very  slowly  and  only  on  the  third  day  did 
the  precipitation  of  choline  hydrochloride  begin.  The  precipitated  choline  hydrochloride  was  filtered  with  a 
Buchner  funnel  and  was  stored  in  a  tightly  closed  vessel  in  a  desiccator.  For  complete  isolation  of  the  product, 
the  mother  liquor  was  evaporated  to  1/4  of  original  volume  and  absolute  ether  was  added,  with  cooling,  to  pre¬ 
cipitate  the  product  in  crystalline  form.  Yield:  65%  theoretical. 

Synthesis  of  radioactive  acetylcholine.  Six  ml  of  CHsC^'^OOH  +  CH8CO2H  with  specific  activity  of  4mC/g 
was  quantitatively  neutralized  with  sodium  hydroxide  solution.  After  evaporation  of  the  solution  to  dryness  under 
a  slight  vacuum  and  heating  of  the  resulting  sodium  acetate  to  300*,  the  cooled  salt  was  powdered  and  added  to 
the  calculated  amount  of  acetyl  chloride.  The  resulting  radioactive  acetic  anhydride  was  distilled  through  a  small 
column.  Then,  to  10  g  of  choline  hydrochloride  was  added  twice  the  theoretical  amount  of  acetic  anhydride 
labelled  with  along  with  a  small  amount  of  glacial  acetic  acid.  The  mixture  was  refluxed  for  20-25  minutes. 
When  the  mixture  was  cooled,  crystals  of  acetylcholine  hydrochloride  began  to  form.  After  removal  of  acetic 
acid  and  unreacted  anhydride,  a  ten -fold  amount  of  absolute  ether  was  added  for  complete  separation  of  the 
product.  Some  cases  were  observed  in  which  the  acetylcholine  failed  to  crystallize  but  precipitated  as  an  oily 
mass.  After  seeding  with  a  single  crystal  and  rubbing  of  the  flask  walls  with  a  glass  rod,  the  substance  began  to 
crystallize.  The  crystallization  sometimes  was  complete  in  20-30  minutes,  at  other  times  it  lasted  for  some 
hours.  Acetylcholine  was  rapidly  filtered  off  on  a  porous  glass  funnel,  closed  with  a  calcium  chloride  tube,  was 
then  washed  with  absolute  ether  and  dried  in  a  vacuum  over  sulfuric  acid.  The  radioactivity  yield,  calculated 
on  the  starting  acid  was  25%. 

Found  %:  Cl  18.9}  N  7.25.  C7H16O2NCI.  Calculated  %:  Cl  18.8:  N  7.48. 

SUMMA  RY 

1.  Choline  was  synthesized  from  ethylene  chlorohydrin  and  trimethylamine  by  a  method  which  produced 
a  65%  yield. 

2.  Synthesis  of  acetylcholine  hydrochloride  was  accomplished  for  the  product  labelled  with  radiocarbon 
C*^  in  the  ester  group,  by  the  way  of  acetylation  of  choline  hydrochloride  with  a  radioactive  specimen  of  acetic 
anhydride. 
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CYCLOSERINE  AND  RELATED  COMPOUNDS 


in.  SYNTHESIS  OF  CYCLOSERINE* 


N.  K.  Kochetkov, 


R.  M,  Khomutov,  M.  la.  Karpeiskii  and 
E.  I.  Budovskii 


Recently  we  reported  briefly  [2]  a  new  synthesis  of  the  antibiotic  cycloserine  (D-4-aminoisoxalid -3 -one) 
starting  with  the  readily  available  ester  of  a,6  -dichloropropionic  acid  and  acetoxime.  Owing  to  the  confirm¬ 
ation  of  the  high  antitubercular  activity  of  the  substance  by  an  experimental  study  of  cycloserine  [3]  and  by  a 
series  of  clinical  data  [4],  we  studied  this  method  of  preparation  of  cycloserine  in  detail.  All  the  syntheses  of 
cycloserine  published  to  this  data  by  other  authors  [5-7]  start  with  the  difficultly  accessible  amino  acid  —  serine. 

We  accomplished  the  synthesis  of  cycloserine  in  accordance  with  the  above  scheme,  with  the  starting 
material  being  the  methyl  ester  of  acrylic  acid. 


Cn,=CHCOOCH, 


CHjClCHClCOOCH, 

(I) 


(CHs),C=NOCn,CHCOOCHs 

I 

(ID  Cl 


(CHj),C=*NOCH,CHCOOH 

I 

(III)  Cl 


(CH,),C=NOCH,CHCOOH 

I 

(IV)  NH, 


n,Nocn,ciicooc,ii,  •  2hci 
I 

NH,  (V) 


H,N-CII-C=0 


Cll,  NH 


The  most  difficult  part  of  the  synthesis  is  the  condensation  of  the  methyl  ester  of  a  ,B -dichloropropionic 
acid  (I)  with  acetoxime.  The  difficulties  of  this  reaction  are  connected  with  the  fact  that  it  must  be  accomp¬ 
lished  with  a  selective  substitution  of  the  6 -halogen  atom.  It  must  be  noted  that  the  reaction  of  esters  of  a,6- 
dihalo  carboxylic  acids  with  basic  reagents  proceeds,  as  a  rule,  in  a  rather  complex  fashion  with  formation  of 
a  mixture  of  substances  and  the  proportions  of  the  final  products  depend  on  an  entire  series  of  factors  [8]. 

We  studied  the  reaction  of  (I)  with  acetoxime  in  the  presence  of  various  condensing  agents  (sodium 
alcoholates,  lithium  and  magnesium  alcoholates,  sodium  hydroxide,  potassium  hydroxide,  pyridine)  in  polar 
and  nonpolar  solvents  (water,  alcohols,  dioxane,  ether,  etc.)  at  various  temperatures  and  with  various  proportions 
of  the  reactants.  The  best  results  were  obtained  by  the  condensation  of  (I)  with  the  oxime  in  the  presence  of 
sodium  methoxide  in  methanol  at  0-5*;  in  this  case  the  yield  of  (II)  reached  25-30<7o.  Besides  (II)  we  were  able 
to  isolate  from  the  reaction  mixture,  in  20%  yield,  the  reaction  product  of  sodium  methoxide  with  (I)  —  the 
methyl  ester  of  ot-chloro-B -methoxypropionic  acid.  Along  with  the  latter  substance,  the  methyl  ester  ofa- 
chloroacrylic  acid  and  the  product  of  alkylation  of  acetoxime  at  the  nitrogen  atom  are  evidently  formed. 

The  question  as  to  the  true  mechanism  of  the  reaction  of  substitution  of  the  6 -halogen  atom  in  (I)  remains 
open  since  the  literature  lacks  any  definite  data  on  the  mechanism  of  substitution  of  the  halogen  atom  in  B-halo 


•  For  Parts  I  and  II  see  [1,  2]. 
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acids,  8  -halo  ketones  and  similar  compounds.  Among  the  two  alternate  possibilities  —  direct  nucleophilic 
attack  of  the  anion  at  the  8  -carbon  atom  and  the  preliminary  cleavage  of  the  hydrogen  halide  with  the  sub¬ 
sequent  addition  of  the  resulting  ct  -haloacrylate  at  the  double  bond  -  we  are  inclined  to  choose  the  latter. 

The  fact  that  our  attempt  to  run  a  condensation  of  acetoxime  with  an  ester  of  a,  8  -dlchloroisobutyric  acid 
(which  is  incapable  of  eliminating  its  8  -halogen  as  a  hydrogen  halide)  under  the  same  conditions  did  not  pro¬ 
duce  a  substitution  reaction  supports  this  view.  In  running  this  reaction  under  considerably  more  drastic  condi¬ 
tions  (refluxing  in  methanol  for  several  hours)  only  the  ester  of  the  methoxychloroisobutyric  acid  was  isolated: 
in  this  case  one  may  suppose  that  the  tertiary  a-halogen  atom  underwent  the  substitution  reaction. 

The  next  step  in  the  synthesis  of  cycloserine  is  the  amination.  Since  an  attempt  at  direct  amination  of  the 
methyl  ester  of  a-chloro-8  -isopropylideneaminohydroxypropionic  acid  (II)  in  liquid  ammonia  did  not  give  the 
desired  result  at  room  temperature  [9],  ester  (II)  was  first  saponified  with  alkali  to  the  corresponding  acid  (III), 
which  was  then  subjected  to  amination.  Amination  of  acid  (III)  in  aqueous  or  alcoholic  solutions  of  ammonia 
at  various  temperatures  either  did  not  occur  or  was  accompanied  by  decomposition,  owing  to  which  we  failed  to 
isolate  the  amino  acid  (IV)  in  any  significant  amounts.  Analogous  results  were  obtained  in  running  the  reaction 
with  aqueous  ammoniacal  solutions  of  ammonium  carbonate.  Only  by  heating  acid  (III)  with  excess  liquid 
ammonia  (in  the  presence  of  ammonium  nitrate)  were  we  able  to  accomplish  the  ammonolysis  of  the  a-halogen 
atom  and  to  obtain  8 -isopropylideneaminohydroxyalanine  (IV)  in  -40-50%  yields.  We  established  that  the  yield 
of  the  amino  acid  depends  essentially  on  the  material  of  which  the  autoclave  is  constructed  —  the  best  results  were 
obtained  in  working  with  autoclaves  made  of  stainless  steel.  In  comparison  with  the  original  variant  [2],  the 
method  of  isolation  of  the  amino  acid  (IV)  from  the  reaction  mixture  was  simplified  considerably.  Acid  (IV)  was 
isolated  as  the  hydrochloride  which  then  served  as  the  fundamental  substance  for  the  preparation  of  the  dihydro¬ 
chloride  (V)  (see  below).  If  needed,  amino  acid  (IV)  could  be  obtained  by  treatment  of  the  hydrochloride  with 
lithium  methoxide. 

One  of  the  most  complicated  operations  in  the  synthesis  of  cycloserine  was  the  transition  from  amino  acid 
(IV)  to  the  dihydrochloride  of  the  ester  of  8 -aminohydroxyalanine  (V)  which  step  is  connected  with  the  possi¬ 
bility  of  the  most  diverse  transformations  of  (IV)  in  the  presence  of  acid  reagents. 

For  selection  of  the  most  dependable  and  rational  path  for  the  transition  from  (IV)  to  (V)  we  studied  the 
behavior  of  (IV)  under  various  conditions  of  acid  hydrolysis. 

m, 


llOCHjCIICOOII 
I  I 

Nil,  (VII) 


(ciij),c=Nocn,ciicoocii, 

I 

(VIII)  Nil, -HCI 


(CH,),C=NOGH,CHCOOII  -»•  (CH,),C=NOCH,ClICOOH  II,NOCH,CIlCOOC,H. 
(IV)  Nil,  \  (VI)  NH,  •  HCI  //  (V)  Nil,  •  2flCI 


iijNOciijCncooii 


Nil,  •  HCI  •  H,0 
(IX) 


H,NOCH,CHCOOH 

NH,  •  nCl  (X) 


In  drastic  hydrolysis  of  the  amino  acid  (IV)  (refluxing  four  hours  with  concentrated  hydrochloric  acid) 
there  occurs  a  total  decomposition  of  the  isopropylideneaminohydroxy  group  as  the  result  of  which  serine  (VII) 
is  formed.  In  the  cold,  however,  the  formation  of  the  hydrochloride  of  8 -isopropylideneaminohydroxyalanine 
(VI)  takes  place.  In  treatment  of  (IV)  with  an  alcoholic  solution  of  hydrogen  chloride  at  room  temperature  the 
esterification  of  (IV)  takes  place  with  formation  of  ester  (VIII)  as  the  main  product.  We  found  that  the  condi¬ 
tions  (hydrolysis  with  a  mixture  of  methanol  and  concentrated  hydrochloric  acid,(l :  1)  under  which  the  cleavage 
of  the  isopropylidene  group  in  the  form  of  acetone  occurs,  do  not  cause  the  accompanying  destruction  of  the 
aminohydroxy  group. 

The  reaction  produced  8 -aminohydroxyalanine  hydrochloride  in  a  yield  of  over  50%,  the  product  being 
isolated  in  the  form  of  its  monohydrate  (IX)  with  m.p.  141-142“;  drying  the  latter  under  vacuum  at  65"  over 
phosphoric  anhydride  gave  the  anhydrous  hydrochloride  (X).  It  is  interesting  to  note  that  (X)  is  the  lowest  homolog 
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of  canaline  HjNOCHjCHjCH(NH2)COOH,  which,  according  to  the  available  data,  has  a  definite  physiological 
activity  [10].*  In  esterification  of  (IX)  and  (X),  (V)  is  formed  in  high  yield;  the  acid  hydrolysis  of  this 
leads  again  to  (IX)  and  (X). 

We  established  that  the  preparation  of  (V)  is  realized  most  satisfactorily  by  starting  with  (VI).  The  latter 
is  hydrolyzed  by  3-hour  reflux  with  a  mixture  of  methanol  and  concentrated  hydrochloric  acid  (1 : 1)  with  a 
subsequent  esterification,  during  which  (IX)  and  (X)  are  not  isolated  in  the  pure  state.  This  variant  of  the  syn¬ 
thesis  is  more  convenient  than  that  presented  by  us  previously  [2]j  in  this  case  it  is  better  to  prepare  not  the 
methyl  ester  [1,  2],  but  the  ethyl  ester  of  3 -aminohydroxyalanine,  the  yield  of  which  reaches  60-60*^  based  on 
(VI).  Dihydrochloride  (V)  may  be  also  prepared  directly  from  (IV)  or(Vni). 

In  the  last  step  -  cyclization  of  dihydrochloride  (V)  into  cycloserine  —  we  succeeded  in  raising  the  yield 
of  the  antibiotic  from  65<^  to  82%,  while  D,L -cycloserine  was  isolated  from  the  reaction  mixture  directly  in  an 
analytically  pure  state.  The  reaction  was  effected  by  the  heating  (10-12  minutes)  of  (V)  with  a  two-fold  excess 
of  an  alcoholic  solution  of  potassium  hydroxide. 

D-4-Amino-3-isoxalidone  was  prepared  from  the  cycloserine  racemate  by  the  following  scheme; 


D,  L  I  i!,„  — ♦  D-tartrate-D  1  — *■ 

H,N— - C=0 

— *-D-II,NOCH,CHCOOC,Il5  •  2IIC1  — ♦  D-  I  „ 

I  \  /NH 

NH, 

The  racemate  was  treated  in  aqueous  solution  under  strictly  defined  conditions  of  concentration  and  tem¬ 
perature  with  D-tartaric  acid.  The  quantitatively  separated  D-tartrate  of  D-4-amino-3-isoxazolidone  was  trans¬ 
formed  into  the  dihydrochloride  of  the  ethyl  ester  of  D-(6  -aminohydroxy) -alanine  by  heating  with  an  alcoholic 
solution  of  hydrogen  chloride.  The  resulting  dihydrochloride  was  cyclized  in  the  usual  manner  into  4-amino-3- 
isoxazolidone  whose  properties  were  completely  identical  with  those  of  the  natural  antibiotic. 

The  method  of  separation  of  the  product,  as  accomplished  by  us,  is  very  simple  experimentally:  cycloserine 
is  obtained  immediately  in  an  analytically  pure  form  and  its  yield  reaches  53%.  This  method  is  considerably 
more  convenient  and  gives  a  higher  yield  than  the  method  based  on  the  use  of  ion-exchange  resins  [6,  10], 

Tests  of  cycloserine  racemate,  performed  at  the  chemotherapeutical  department  of  our  institute,  showed 
the  high  effectiveness  of  this  substance  against  a  series  of  infections. 

EXPERIMENTAL 

The  methyl  ester  of  a-chloro-  3  -isopropylideneaminohydroxypropionic  acid  (11)  was  prepared  according 
to  [2]  in  25-26%  yield;  b.p.  79‘ (2  mm);  d*"4  1.1510;  n^D  1.4517. 

Found  %:  N  7.14;  Cl  18.31.  CtHjjQsNCI.  Calculated  %:  N  7.20;  Cl  18.31. 

By  treatment  of  the  ester  with  liquid  ammonia  in  an  autoclave  at  room  temperature,  the  corresponding 
amide  was  obtained;  m.p.  91-92*  (from  ether). 

Found%:  C  40.25;  H  6.32;  N  15.70;  Cl  19.73.  CeHuOjNjCl.  Calculated  %;  C  40.34;  H  6.20; 

N  15.67;  Cl  19.85. 

As  a  byproduct,  a  fraction  with  b.p.  54-56*  (7  mm)  was  isolated,  which  consisted  of  the  methyl  ester  of 
a-chloro-6 -methoxypropionic  acid.  Yield:  180-185  g  (20%). 

Found  %:  C  39.32;  H  6.17;  Cl  22.53.  CgHjOjCl.  Calculated  %:  C  39.23;  H  5.94;  Cl  22.33. 

•  Recently,  in  connection  with  the  establishment  of  the  diverse  biological  action  of  the  natural  amino  acid  - 
canavanine,  HjNCf  =  NH) NHOCHjCHjCHfNHj) COOH  -  some  attempts  at  synthesis  of(X)  were  undertaken; 
these  were  not  successful  [11]. 
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a-Chloro- 6 -isopropylideneaminohydroxypropionic  acid  (III).  Into  a  one-liter  round -bottomed  flask 
provided  with  a  stirrer,  a  dropping  funnel  and  a  thermometer,  we  placed  360  g  of  the  ester  (II)  and  300  ml 
of  water,  after  which  we  added,  with  stirring  and  cooling,  360  ml  of  5  N  aqueous  solution  of  sodium  hydroxide, 
while  maintaining  the  temperature  of  the  reaction  mixture  at  not  above  25*.  Then  the  reaction  mixture  was 
cooled  to  10“  and  73  ml  of  concentrated  sulfuric  acid  was  added  to  it,  with  stirring,  at  such  a  rate  that  the  tem¬ 
perature  did  not  rise  above  20-25*.  After  the  addition  of  sulfuric  acid  was  completed,  the  mixture  was  filtered, 
the  filtrate  extracted  with  ethylene  chloride  (3  *  200  ml)  and  the  combined  extracts  were  dried  over  calcium 
chloride,  the  solvent  distilled  off,  and  306  g  (92%)  of  crude  (III)  was  obtained. 

Pure  (III)  has  m.p.  43-44“  and  b.p.  113“  (1  mm). 

Found  %:  Cl  20.03.  CgHjjOjNCl.  Calculated  %:  Cl  19.74. 

The  ammonium  salt  was  prepared  by  saturation  of  an  ethereal  solution  of  the  acid  with  dry  ammonia: 
m.p.  98-99*  (from  a  mixture  of  acetone  and  benzene). 

Found  %:  Cl  17.72.  CsHuOjNzCl.  Calculated  %:  Cl  18.02. 

6 -Isopropylideneaminohydroxyalanine  (IV).  Into  a  glass  vessel,  cooled  with  a  mixture  of  solid  carbon 
dioxide  and  methanol,  we  placed  200  ml  of  liquid  ammonia  and  carefully  added,  with  stirring,  216  g  of  the  crude 
chloro  acid.  After  the  termination  of  the  vigorous  reaction,  we  added  300  additional  ml  of  liquid  ammonia  and 
2  g  of  ammonium  nitrate:  the  mixture  was  stirred  and  the  reaction  vessel  was  placed  into  a  previously  chilled 
2-liter  steel  autoclave  provided  with  a  valve  and  a  sleeve  for  a  thermocouple:  the  vessel  was  closed  with  a 
glass  lid  and  the  autoclave  was  sealed  shut.  After  standing  overnight,  the  autoclave  was  heated  for  8-10  hours 
at  55-65“  (pressure:  30-40  atmos.).  After  heating  was  completed,  the  autoclave  was  cooled  to  room  tempera¬ 
ture  over  14-16  hours.  Then  the  reaction  mixture  was  transferred  from  the  autoclave  into  a  one-liter  round- 
bottomed  flask,  provided  with  a  reflux  condenser.  Ammonia  was  evaporated  and  to  the  residue  was  added  300  ml 
of  alcohol,  after  which  the  whole  was  refluxed  on  a  water  bath  for  30-45  minutes,  cooled  and  separated  from  the 
crystalline  precipitate,  which  was  washed  with  200  ml  of  cold  alcohol.  The  resulting  residual  mixture  of  ammonium 
chloride  and  the  amino  acid  was  suspended  in  125  ml  of  methanol,  treated  with  the  calculated  amount  ofmethanollc 
solution  of  hydrogen  chloride,  stirred  thoroughly,  and  treated  with  150  m-  of  butanol.  After  that,  the  reaction 
mixture  was  heated  for  a  few  minutes  on  a  water  bath,  cooled,  and  filtered  from  ammonium  chloride.  Some 
250-300  ml  of  alcohol  was  then  distilled  from  the  filtrate  by  heating  on  a  water  bath  under  50-60  mm  vacuum, 
the  residue  was  cooled,  and  the  precipitated  hydrochloride  was  filtered  off  and  washed  with  75  ml  of  butanol. 

The  yield  of  the  hydrochloride  with  m.p.  172-174“  was  104  g  (44%).  After  recrystallization  from  anhydrous 
isopropyl  alcohol,  it  had  m.p.  175-176“  (with  decomposition). 

Found  %:  0  18.28,18.38.  CeHjaOjNjO.  Calculated  %:  Cl  18.02. 

The  hydrochloride  of  the  acid  (IV)  (19.6  g)  was  dissolved  in  the  minimum  volume  of  warm  anhydrous 
methanol  and  treated  with  a  solution  of  lithium  methoxide  prepared  from  0.7  g  of  lithium  and  30  ml  of  methanol. 
After  standing  for  48  hours  at  -10“,  the  resulting  precipitate  was  filtered  off  and  recrystallized  from  92%  ethanol. 
Yield  of  (IV):  12.9  g  (80%):  m.p.  251-252*. 

Found  %:  C  45.22;  H  7.45  N  17.33.  CgHoOif^.  Calculated  %:  C  44.98;  H  7.55;  N  17.48. 

6  -A  minohydroxyalanine. 

A.  From  acid  (IV).  (IV)  (4.8  g)  was  refluxed  with  a  mixture  of  30  ml  of  concentrated  hydrochloric  acid 
and  30  ml  of  methanol  for  three  hours  with  distillation  of  the  resulting  acetone.  Then  the  mixture  was  clarified 
with  carbon,  evaporated  to  dryness  and  dried  in  vacuum  over  phosphorus  pentoxide  and  alkali.  The  glassy  hygro¬ 
scopic  residue  was  dissolved  with  warming  in  10  ml  of  anhydrous  alcohol,  treated  with  5  ml  of  anhydrous  isopropyl 
alcohol,  followed  by  hot  water  until  it  became  clear.  On  standing,  a  crystalline  precipitate  formed,  which  was 
separated,  washed  with  anhydrous  alcohol  and  dried.  Yield  of  (IX):  2.9  g  (56%).  After  recrystallization  from 
water:  m.p.  141-142*. 

Found  %:  Cl  20.45;  N  15.83.  CjHisO^NzCl.  Calculated  %:  Cl  20.07;  N  15.86. 

The  product  was  a  colorless  crystalline  substance,  soluble  in  water  and  insoluble  in  organic  solvents. 
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methanol  and  to  this  solution  there  was  gradually  added,  with  stirring,  400  ml  of  2  N  solution  of  potassium 
hydroxide  in  methanol.  The  reaction  mixture  was  cooled,  separated  from  potassium  chloride,  the  filtrate  refluxed 
for  10-15  minutes,  clarified  with  carbon,  and  cooled.  A  solution  of  acetic  acid  in  methanol  was  added  until  the 
pH  5.5-6  was  reached.  After  standing  for  one  hour,  the  precipitated  racemate  of  cycloserine  was  filtered  off  and 
washed  with  50  ml  of  cold  methanol.  The  yield  of  pure  D,L -cycloserine  was  16.5  g(82^);  m.p.  138-141*  (with 
decomposition). 

Found  *70:  C  35.11;  H  6.00;  N  27.16.  CjHeOjNj.  Calculated  <7o:  C  35.29;  H  5.92;  N  27.45. 

The  product  was  a  colorless  crystalline  substance  with  weakly  acid  taste;  it  was  readily  soluble  in  water 
and  but  insignificantly  soluble  in  methyl  alcohol;  it  was  insoluble  in  the  usual  organic  solvents.  Cycloserine 
gave  a  silver  salt  which  precipitated  in  the  form  of  a  colorless,  rapidly  darkening  precipitate  upon  treatment  of 
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the  substance  with  silver  nitrate;  the  acid  gave  a  cherry-red  color  with  an  aqueous  solution  of  ferric  chloride 
and  a  characteristic  blue  color  with  a  solution  of  sodium  nitroprusside. 

Picrate.  Picric  acid  (1.2  g)  was  dissolved  with  heating  in  10  ml  of  anhydrous  alcohol  and  to  the  hot  solu¬ 
tion  there  was  added  0.25  g  of  cycloserine;  the  whole  was  refluxed  for  6-10  minutes,  filtered,  kept  for  24  hours 
at  0*,  and  the  crystalline  precipitate  of  the  picrate  collected.  The  yield:  0.6  g;  m.p.  176-177*. 

Found  N  20.89.  G^HjOjNg.  Calculated  <7o;  N  21.14. 

D-4-Amino-3-isoxazolidone  (cycloserine).  To  a  mixture  of  4  g  of  D,L -cycloserine  and  16  ml  of  water 
there  was  added  in  small  portions,  with  stirring,  7  g  of  D-tartaric  acid  (the  temperature  being  kept  below  25*). 

The  reaction  mixture  was  then  kept  for  24  hours  at  0-5*,  the  crystalline  precipitate  was  separated,  washed  with 
two  portions  of  2  ml  of  cold  water,  then  with  507o  aqueous  alcohol  and  with  absolute  alcohol,  after  which  it  was 
dried  under  vacuum  over  phosphoric  anhydride.  The  yield  of  the  D-tartrate  of  D-cycloserine  was  5  g;  m.p.  162*; 

[a]®D  +  40*  (c  0.7  in  water). 

One  g  of  D-tartrate  of  D-cycloserine  was  suspended  in  30-50  ml  of  anhydrous  alcohol  and  refluxed  while 
being  saturated  with  dry  hydrogen  chloride  until  the  salt  dissolved.  After  standing  at  room  temperature  for  48 
hours,  the  mixture  was  heated  to  boiling  and  was  filtered.  The  filtrate  was  evaporated  to  dryness  and  the  residue 
was  recrystallized  from  anhydrous  alcohol.  The  yield  of  the  dihydrochloride  of  the  ethyl  ester  of  D-6-amino- 
hydroxyalanine  was  0.5  g  (60<7c):  m.p.  159-161";  [a]*®D  +  13*. 

The  dihydrochloride  of  the  ethyl  ester  of  D-6  -aminohydroxy alanine  (0.44  g)  was  dissolved  in  the  minimum 
volume  of  absolute  methanol,  treated  with  4  ml  of  2  N  alcoholic  solution  of  potassium  hydroxide,  filtered,  and 
boiled  for  ten  minutes.  After  being  cooled,  the  mixture  was  neutralized  with  glacial  acetic  acid  to  pH  6.5-6  and 
was  allowed  to  stand  for  two  hours  at  0*.  The  resulting  crystalline  precipitate  was  separated,  washed  with  abso¬ 
lute  methanol,  and  dried.  The  yield  of  D-4-amino-3-isoxazolidone  was  0.17  g(86‘^)  (637o  based  on  the  race- 
mate);  m.p.  153-155*;  [a]*®D  +  106*  (c  1.17  in  water). 

nn 

SUMMARY 

a»! 

1.  A  synthesis  of  cycloserine  from  the  ester  of  a,  6  -dlchloropropionic  acid  was  developed. 

2.  A  D-4-amino-3-isoxazolidone,  which  was  completely  identical  with  the  natural  antibiotic,  was  pre-  . , 

pared  by  an  original  method  through  the  tartrate  salt  from  the  racemate  of  cycloserine. 

3.  The  lowest  homalog  of  canaline  has  been  synthlsized. 
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A  NEW  REACTION  OF  a-PYRONES.  SYNTHESIS  OF  VINYLOGS  OF 


6  -0X0  ACID  ESTERS 


N.  K.  Kochetkov  and  L.  I.  Kudriashov 


As  it  is  already  known,  the  cyclic  system  of  ot-pyrone  is  prone  to  be  opened,  under  certain  conditions  of 
action  of  certain  reagents  [1,  2],  to  yield  compounds  of  the  aliphatic  series.  In  this  paper  we  described  a  new 
reaction  connected  with  the  opening  of  the  a-pyrone  ring,  a  reaction  which  permitted  us  to  prepare  the  hereto¬ 
fore  unknown  vinylogs  of  esters  of  6  -oxo  acids. 

We  failed  to  prepare  the  amides  or  arylamides  of  6-alkyl-2-pyrone-3-catboxylic  acids  by  the  direct  action 
of  ammonia  or  aromatic  amines  on  the  esters  of  these  acids  [3]. 

Thus,  treatment  of  6-methyl-3-carbethoxy-2-pyrone  with  aniline  in  benzene  solution  gave  an  unstable 
substance  with  m.p.  123-124*.  The  elemental  analysis  and  the  determination  of  the  molecular  weight  of  this 
substance  indicated  that  it  was  the  addition  product  of  one  mole  of  aniline  with  one  mole  of  the  carbethoxy- 
pyronej  for  this  reason,  the  anilide  structure  had  to  be  rejected. 

When  this  substance  was  heated,  decarboxylation  occurred  and  the  residue  readily  lost  aniline  after  being 
treated  with  an  acid,  the  aniline  being  isolated  in  the  form  of  its  hydrochloride.  This  proved  the  presence  of 
a  free  carboxyl  group  in  this  compound  and  spoke  for  the  presence  of  an  imino  bond.  Thus,  it  became  clear 
that  in  the  treatment  of  carbethoxypyrone  (I)  (R=CH8)  with  aniline,  the  pyrone  ring  is  opened. 

By  careful  decarboxylation  of  the  reaction  product  of  carbethoxypyrone  (I)  (R=CH8)  with  aniline  it  is 
possible  to  isolate,  in  the  pure  state,  a  substance  with  m.p.  104-105*,  the  analysis  of  which  corresponds  exactly 
to  the  data  required  for  the  ethyl  ester  of  6  -N-phenylaminosorbic  acid  (III)  (R=CH3).  The  correctness  of  this 
conclusion  about  the  structure  of  this  substance  was  confirmed  by  the  very  mild  conditions  of  hydrolysis,  which  when 
run  in  a  mixture  of  dilute  hydrochloric  acid  and  ether  gave  about  a  40*70  yield  of  the  previously  unknown  vinylog 
of  the  acetoacetic  ester  -  ethyl  ester  of  5-oxo-3-hexenoic  acid  (IV)  (R  =  CH8).  Thus,  the  entire  course  of  the 
transformation  of  6-methyl-3-carbethoxy-2-pyrone  into  the  vinylog  of  the  acetoacetic  ester  may  be  presented 
by  the  following  scheme: 
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In  the  reaction  of  (I)  (RssCI^)  with  an  aqueous  solution  of  ammonia  there  is  formed  a  substance  with 
m.p.  89*,  which  decomposes  rapidly  with  evolution  of  ammonias  the  analysis  of  this  substance  corresponded 
to  the  elemental  composition  of  CgHi^OiN  and  the  substance  is  the  ethyl  ester  of  6  -aminosorbic  acid.  Its 
formation  proceeds  according  to  the  scheme  similar  to  that  shown  above,  with  the  difference  in  that  the  opening 
of  the  pyrone  ring  is  accompanied,  in  this  case,  by  a  spontaneous  decarboxylation  of  the  initial  product  of  ring 
opening,  i.  e.,  product  of  type(n)  (H  in  place  of  QHs). 

The  new  reaction,  discovered  by  us,  involves  the  opening  of  the  a-pyrone  ring  and  has  a  general  character. 
Thus,  6-propyl-3-carbethoxy-2-pyrone  (I)  (R=CiH7)  gave  the  corresponding  (II)  (R=C8H7)  after  being  treated 
with  aniline  in  alcoholic  solution  and  the  product,  after  having  been  decarboxylated  and  hydrolyzed  with  hydro¬ 
chloric  acid  (in  this  case  III  need  not  be  even  isolated),  gave  the  ethyl  ester  of  5-oxo-3-octenoic  acid  (IV) 
(R=C3H7).  a  completely  analogous  treatment  of  6-amyl-3-carbethoxy-2-pyrone  (I)  (R=C5Hu)  gave  the  ethyl 
ester  of  6-oxo-3-decenoic  acid  (IV)  (R=C6Hii). 

The  vinylogs  of  6  -oxo  acids,  prepared  in  this  manner,  are  colorless  substances  which  are  stable  enough 
in  storage  in  the  liquid  state,  and  which  gradually  turn  dark  only  after  the  passage  of  some  considerable  time. 

They  do  not  give  an  instantaneous  color  test  with  ferric  chloride,  but  the  color  does  appear  after  some  time. 

The  correctness  of  the  location  of  the  double  bond  in  the  formulas  of  these  substances  (IV),  shown  in  the  reac¬ 
tion  schemes  above,  must  be  understood  to  have  the  same  limitations  as  are  imposed  on  the  existing  possibilities 
for  tautomerism,  in  which  it  is  possible  to  have  a  migration  of  the  double  bond  from  the  a-  and  6 -positions  in 
respect  to  the  carbethoxy  group  with  formation  of  a  diene  system  of  the  type  shown  by  the  enolic  forms  of  the 
acetoacetic  ester.  This  most  interesting  problem  requires  some  further  study  as  its  solution  is  quite  difficult. 

Recently,  R.  A.  Aleeva  [4],  as  well  as  one  of  us  and  B.  P.  Gottikh  [6],  had  accomplished  a  synthesis  of  the 
vinylogs  of  a-alkyl-0 -oxo  acids,  but  the  simplest  unsubstituted  representatives  of  this  class  of  compounds  re¬ 
mained  inaccessible  up  to  the  present.  The  method  of  synthesis  of  the  latter  compounds,  as  proposed  in  the  present 
paper,  makes  these  compounds  quite  readily  available  since  the  carbethoxypy rones,  used  as  the  starting  materials, 
are  readily  prepared  by  the  direct  method  from  6  -chlorovinyl  ketones,  a  method  developed  by  us  previously  [3]. 
One  may  hope  that  a  study  of  the  chemical  behavior  of  the  substance  prepared  by  us  may  permit  the  future  collec¬ 
tion  of  new  facts  useful  for  the  understanding  of  the  problems  of  tautomerism  and  dual  reactivity  of  organic  com¬ 
pounds.  It  should  be  added  also  that  the  synthetic  method  proposed  by  us  here  is  also  suitable  for  the  preparation 
of  esters  of  6  -amino-  and  6  -arylaminodienic  acids  which  are  vinylogs  of  compounds  of  the  type  of  aminocro- 
tonic  esters.  This  class  of  compounds,  two  of  which  are  described  for  the  first  time  in  the  present  paper,  are  new 
types  of  ene-amino  compounds  and  are  interesting  for  the  solution  of  some  general  problems. 

EXPERIMENTAL 

Ethyl  ester  of  6  -aminosorbic  acid.  6-Methyl-3-carbethoxy-a -pyrone  (3.18  g)  was  dissolved  in  75  ml  of 
concentrated  aqueous  ammonia  and  after  five  hours  the  precipitated  crystals  were  filtered  off,  washed  with  cold 
water  and  dried  in  vacuum  over  phosphoric  anhydride.  Yield:  1.33  g  (51%);  yellow  crystals  with  m.p.  89*» 

Found  €  62.25,  62.43;  H  8.49,  8.53;  N  9.43,  9.35.  C,Hi,OjN.  Calculated  C  61.91;  H  8.45; 

N  9.03. 

The  substance  decomposes  during  recrystallization.  On  being  stored  for  3-4  days  it  decomposes  completely, 
being  transformed  into  a  brown  tar. 

a -Carbethoxy -6  -N-phenylaminosorbic  acid  (II)  (R=CH).  6-Methyl-3-carbethoxy-a-pyrone  (26  g)  was 
dissolved  in  20  ml  of  anhydrous  benzene,  treated  gradually  with  14  ml  of  aniline  and  left  overnight  at  0*.  The 
precipitated  crystals  were  filtered  off,  washed  with  ether  and  dried  in  vacuum  over  phosphoric  anhydride.  Yield: 
30.7  g(78<^);  yellow  crystals  with  m.p.  123-124*. 

Found  N  6.22,  5.17.  Ci6Hi704N.  Calculated  <70:  N  5.09. 

The  substance  decomposes  rapidly  in  storage.  An  alcoholic  solution  of  0.2904  g  of  this  substance  was 
titrated  with  0.11405  N  solution  of  sodium  hydroxide  with  phenolphthalein  indicator  being  used;  consumption  of 
NaOHwas9.1  ml.  Molecular  weight  thus  found  was  280;  calculated:  274.  One  g  of  the  substance  was  heated  in  an  oil 
bath  to  12cr  until  the  evolution  of  carbon  dioxide  ceased ,  after  which  the  resulting  viscous  mass  was  taken  up  in  ether 
and  the  solution  was  saturated  with  dry  hydrogen  chloride  with  cooling.  Crystals  of  aniline  hydrochloride  precipitated 


3050 


Immediately  with  considerable  evolution  of  heat;  m.  p.  196";  mixed  melting  point  with  an  authentic  sample  gave  no 
depression. 

2-Carbethoxy-6-N-phenylamlno-2,4-octadienoic  acid  (II)  (R=  C^Hj).  6-PropyI-3-carbethoxy-a-pyrone 
(23.8  g)  was  mixed  with  11.4  g  of  aniline  in  25  ml  of  alcohol.  On  the  following  day  the  solidified  reaction  mix¬ 
ture  was  diluted  with  ether,  the  crystals  were  filtered  off  and  dried  in  vacuum  over  phosphoric  anhydride.  Yield: 

26.0  g  (82*51));  yellow  crystals  with  m.p.  107-108*  (with  decomposition)  (from  alcohol). 

Found  *51):  0  67.18,  66.98;  H  7.06,  6.99;  N  4.65,  4.66.  C17H21O4N.  Calculated  <51.:  C  67.30;  H  6.98; 

N  4.62. 

The  compound  dissolves  in  hot  alcohol,  difficultly  in  chloroform  and  is  insoluble  in  water  and  ether. 

2-Carbethoxy-6-N-phenylamino-2,4-decadienoic  acid  (II)  (R=C5Hn).  To  61.8  g  of  6-amyl-3-carbethoxy 
a-pyrone  in  120  ml  of  alcohol  there  was  added  28  ml  of  aniline  and  the  mixture  was  left  overnight  at  0*.  After 
the  usual  treatment  there  was  obtained  33.1  g  (36^)  of  yellow  crystals  with  m.p.  106-107*  (from  alcohol). 

Found  <7o:  C  69.16,  69.28;  H  7.80,  7.78;  N  4.30,  4.48.  C»H2504N.  Calculated  “fo:  C  68.86;  H  7.60; 

N  4.23. 

The  compound  dissolves  in  hot  alcohol  and  with  difficulty  in  cold  alcohol;  it  is  insoluble  in  water  and 

ether. 

Ethyl  ester  of  6 -N-phenylaminosorbic  acid  (111)  (R  =  CH3).  a-Carbethoxy-6 -N-phenylamlnosorblc  acid 
(30.7  g)  was  heated  in  an  oil  bath  to  130*  until  the  evolution  of  carbon  dioxide  ceased;  after  cooling,  some  ether  was 
added  and  the  precipitated  crystals  were  filtered  off,  washed  with  ether  and  dried  over  phosphoric  anhydride  in  vacuum. 

Yield:  11.5  g  (45%),  colorless  crystals  with  m.  p.  104-105"  (from  alcohol). 

Found  %:  C  72.65,  72.88;  H  7.50,  7.55;  N  6.96,  5.81.  CmHitOjN.  Calculated  *7o:  C  72.70;  H  7.41; 

N  6.06. 

The  compound  is  readily  soluble  in  hot  alcohol,  less  readily  in  cold  alcohol  and  poorly  soluble  in  ether. 

Ethyl  ester  of  5-N-phenylamino-2,4-octadienoic  acid  (III)  (R=CsH7).  2-Carbethoxy-5-N-phenylamino- 
2,4-octadienoic  acid  (25.0  g)  was  decarboxylated  as  described  above  and  to  ihe  residue  was  added  60  ml  of  30*^ 
aqueous  acetic  acid:  the  mixture  was  heated  on  a  steam  bath  for  30  minutes,  extracted  with  benzene,  the  extracts  is- 

were  washed  with  water  and  dried  over  magnesium  sulfate:  distillation  gave  11.3  g  (44<7o)  of  a  substance  with 
b.p.  171-172*  (0.6  mm),  n^D  1.6160. 

Found  %:  N  6.17,  6.20.  C^HjiCjN.  Calculated  %:  N  5.40. 

The  substance  was  a  light  yellow  oil  which  was  miscible  with  organic  solvents  and  insoluble  in  water;  it 
was  readily  hydrolyzed  by  hydrochloric  acid  with  formation  of  aniline  hydrochloride. 

Ethyl  ester  of  6-oxo-3-hexenoic  acid  (IV)  (R=CH|).  Ethyl  ester  of  6  -N-phenylaminosorbic  acid  (8.6  g) 
was  suspended  in  20  ml  of  water,  treated  with  6  ml  of  ether  and  to  the  mixture  4  ml  of  concentrated  hydrochloric 
acid  was  slowly  added  with  shaking  .  After  dissolution  of  the  precipitate,  there  was  added  20  ml  of  water,  the 
mixture  was  extracted  three  times  with  benzene,  the  extracts  were  washed  with  water,  dried  over  sodium  sulfate 
and  aluminum  oxide,  and  distilled,  yielding  2.1  g  (40%)  of  the  substance  with  b.p.  87-88*  (2  mm),  d*®4  1.0350, 
n*D  1.4678. 

Found  %:  C  61.36,  61.25;  H  7.81,  7.76.  CgHijOj.  Calculated  %:  C  61.52;  H  7.75. 

The  product  was  a  colorless  oil  which  was  stable  in  storage  and  gave  a  cherry-red  color  with  a  solution  of 
ferric  chloride  after  several  hours. 

Ethyl  ester  of  6-oxo-3-octenoic  acid  (IV)  (R=  C^H7).  2-Carbethoxy-5-N-phenylamino-2,4-octadienoic 
acid  (I9.2  g)  was  heated  in  an  oil  bath  to  120*  until  cessation  of  loss  of  carbon  dioxide;  after  cooling  8  ml  of 
concentrated  hydrochloric  acid  was  added  to  the  residue,  the  mixture  was  shaken  for  ten  minutes  (aniline  hydro¬ 
chloride  precipitated),  stirred  for  ten  minutes  at  60*,  diluted  with  water  and,  after  treatment  analogous  to  that 
described  in  the  preceding  experiment,  there  was  formed  4.0  g  (36%)  of  the  substance  with  b.p.  102-103*  (0.5  mm) 
d‘®4  1.0076,  n*D  1.4638. 
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Found  C  65.10,  65.17;  H  8.96,  8.93.  CuHieO,.  Calculated  •yo;  C  65.19;  H  8.75. 

The  product  was  a  colorless  liquid  which  gave  a  cherry-red  color  with  a  solution  of  ferric  chloride  after 
several  hours. 

Ethyl  ester  of  5-oxo-3-decenoic  acid  (IV)  (R=C5Hu).  This  was  prepared  analogously  to  the  preceding 
comjjound  from  33.1  g  of  2-carbethoxy-5-N-phenylamino-2,4-dodecanoic  acid  and  14  ml  of  concentrated  hydro¬ 
chloric  acid.  There  was  obtained  6.4  g  (26“^)  of  the  substance  with  b.p.  120.5-122*  (0.5  mm),  d*4  0.9761, 
n“D  1.4566. 

Found  "y):  €  68.12,68.03;  H  9.56,  9.59.  C^HioOi.  Calculated  <70;  C  67.89;  H  9.50. 

It  was  a  colorless  oil  which  gave  a  cherry-red  color  with  a  solution  of  ferric  chloride  after  several  hours. 

SUMMARY 

1.  a-Carbethoxy-6  -amino-  (or  arylamino)-2,4-alkadienoic  acids  are  formed  in  the  reaction  of  ammonia 
or  aniline  with  6-alkyl-3-carbethoxy-a-pyrones.  This  reaction  is  a  new  type  of  opening  of  the  a-pyrone  ring. 

2.  A  method  of  synthesis  of  previously  unknown  esters  of  5-oxo-3-alkenoic  acids  was  developed,  these 
products  being  vinylogs  of  esters  of  6  -0x0  acids  which  are  obtained  by  successive  decarboxylation  and  hydrolysis 
of  a-carbethoxy- 6 -N-arylamino-2,4-alkadienoic  acids. 
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SYNTHESIS  OF  ALIPHATIC  6  -  C  HL  O  RO  VI  N  Y  L  KETONES  FROM 


HYDROX  YMETHYLENE  KETONES 

N.  K.  Kochetkov,  Ivan  Ambrush,  T.  I.  Ambrush  and  E.  S.  Severin 


S -Chlorovinyl  ketones  may  be  employed  widely  in  organic  syntheses  [1]  owing  to  their  high  order  of  reac¬ 
tivity  and  the  possibilities  of  their  use  are  also  determined  by  their  availability.  The  most  convenient  method 
of  synthesis  of  these  compounds  is  the  direct  condensation  of  acyl  chlorides  with  acetylene  or  vinyl  chloride, 
usable  for  the  preparation  of  aryl  6  -chlorovinyl  ketones,  alkenyl  6  -chlorovinyl  ketones  and  alkyl  6  -chlorovinyl 
ketones  [2-5].  Another  method  of  their  synthesis  consists  of  the  treatment  of  corresponding  hydroxy  methylene 
ketones  with  halogen  compounds  of  phosphorus  or  with  thionyl  chloride  [6,  7];  this  method  was  used  for  pre¬ 
parative  purposes  in  the  synthesis  of  aryl  6  -chlorovinyl  ketones  [8].  This  method  has  not  been  used  to  this  day 
for  the  synthesis  of  the  simplest  alkyl  6  -chlorovinyl  ketones  since  these  are  prepared  more  conveniently  by  the 
above-cited  direct  method.  However,  in  those  cases  in  which  the  direct  synthesis  of  alkyl  6  -chlorovinyl  ketones 
would  be  impossible  for  some  reasons,  their  preparation  from  hydroxymethylene  ketones  could  have  a  certain 
significance. 

In  the  present  brief  communication  we  cite  two  examples  of  synthesis  of  aliphatic  8 -chlorovinyl  ketones 
from  hydroxymethylene  ketones  which  show  the  complete  applicability  of  this  method  in  the  aliphatic  series  as 
well. 


An  attempt  at  the  direct  synthesis  of  tert-butyl  6  -chlorovinyl  ketone  ended  in  failure  since  as  the  result  of 
the  condensation  of  the  chloride  of  pivalic  acid  with  acetylene  in  the  presence  of  aluminum  chloride  we  obtained 
a  difficultly  separable  mixture  of  several  substances  which  was,  in  all  probability,  connected  with  isomerization 
of  the  tertiary  butyl  radical  under  the  reaction  conditions.  In  connection  with  this  fact  we  studied  in  detail  the 
reaction  of  hydroxy methylenepinaco lone,  formed  by  formylation  of  pinacolone,  with  thionyl  chloride  in  benzene 
solution.  It  turned  out  that  the  replacement  of  the  enolic  hydroxyl  of  hydroxymethylene  ketone  by  chlorine  pro¬ 
ceeds  sufficiently  readily,  but  owing  to  the  fact  that  terr  -butyl  6  -chlorovinyl  ketone  and  hydroxymethylene- 
pinacolone  are  very  difficult  to  separate  by  fractional  distillation  and  the  use  of  a  large  excess  of  thionyl  chloride 
leads  to  side  reactions,  one  must  take  for  the  reaction  a  very  small  excess  of  thionyl  chloride  (not  over  lO^)  and 
the  starting  hydroxymethylene  ketone  must  be  preliminarily  isolated  in  the  individually  pure  state.  An  analogous 
technique  was  used  by  us  for  the  preparation  of  a-methylisobutyl-6  -chlorovinyl  ketone,  the  synthesis  of  which  by 
the  direct  method  is  impossible  since  it  is  well  known  that  monoalkylacetylenes  yield  6  -alkyl-8  -chlorovinyl 
ketones  in  condensations  with  acyl  chlorides  [9].  The  above  compound  was  isolated  by  us  by  treatment  of  2- 
hydroxymethylene-5-mcthyl-3-hexanone  with  thionyl  chloride,  the  ketone  having  been  prepared  by  the  synthetic 
method  for  hydroxymethylene  ketones  which  had  oeen  developed  in  our  laboratory  [10].  In  this  case,  as  in  the 
previous  one,  the  result  of  the  reaction  is  determined  to  a  large  degree  by  the  correct  selection  of  the  amount 
of  thionyl  chloride  used.  With  strict  adherence  to  the  proper  technique,  yields  of  alkyl  8  -chlorovinyl  ketones 
reach  70-75  percent  and  there  is  no  doubt  that  if  necessary  this  method  may  be  used  for  the  synthesis  of  ocher 
alkyl  8  -chlorovinyl  ketones  as  well. 

By  employing  methods  which  had  been  developed  previously  in  our  laboratory  [1],  we  prepared  from  tert  - 
butyl  8 -chlorovinyl  ketone  the  following  substances  in  good  yields;  3-tert  -butylpyrazole,  ferrochloride  of  2- 
tert  -butylnaphtho(l,2:5,6)-pyrillium,  as  well  as  tert  -butyl  3-pyrazolyl  ketone  (which  was  necessary  for  some 
ocher  work  being  done  by  us  [11]),  while  tert  -butyl-6 -aminovinyl  ketone  had  been  prepared  by  us  previously  [12]. 
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These  reactions  indicate  that  tert  -butyl -S  -chloro vinyl  ketone  does  not  differ  in  its  reactivity  from 
other  compounds  of  this  class  despite  the  presence  of  the  bulky  radical  which  often  causes  steric  hindrance. 


EXPERIMENTAL 

Hydroxymethylenepinacolone.  Into  a  three-necked  flask,  provided  with  a  stirrer,  a  reflux  condenser  and  a 
dropping  funnel,  there  was  placed  a  suspension  of  10.5  g  of  finely  powdered  sodium  in  250  ml  of  dry  benzene. 

To  this  was  added  35  ml  of  dry  ethyl  formate,  with  ice-cooling  and  with  energetic  stirring,  after  which  50  ml 
of  dry  pinacolone  was  added  dropwise  over  35-40  minutes.  The  mixture  was  stirred  with  cooling  for  4-5  hours. 
After  2.5-3  hours  the  sodium  salt  of  hydroxymethylenepinacolone  began  to  precipitate.  The  thickened  mixture 
was  left  overnight,  after  which  it  was  carefully  treated,  with  stirring,  with  50  ml  of  water  which  was  added  drop- 
wise;  after  having  been  acidified  with  10%  sulfuric  acid,  the  mixture  formed  two  layers:  the  aqueous  layer  was 
separated  and  extracted  several  times  with  ether.  The  benzene  layer  and  the  ethereal  extract  were  dried  over 
ignited  magnesium  sulfate  and  the  solvents  were  distilled  under  vacuum.  The  residue  was  vacuum  distilled. 

The  yield  of  hydroxymethylenepinacolone  was  29  g  (57%).  After  a  second  distillation  the  substance  had  the 
following  constants: 

B.p.  53-56“  (25  mm),  n*®'®D  1.4523.  Litc-ature  data  for  the  hydroxymethylenepinacolone:  b.p.  43.5-45* 

(13  mm)  [13],  n^D  1.4527  [14]. 

Tert  -butyl  -  fl  -chlorovinyl  ketone.  To  a  solution  of  8.2  g  of  hydroxymethylenepinacolone  in  40  ml  of 
absolute  benzene  there  was  added  over  30  minutes,  with  cooling,  a  solution  of  4.95  ml  of  thionyl  chloride  in 
20  ml  of  anhydrous  benzene.  The  mixture  was  allowed  to  come  up  to  room  temperature,  after  which  it  was  re¬ 
fluxed  for  8  hours,  benzene  was  distilled  off  under  vacuum  and  the  residue  was  subjected  to  distillation,  a  frac¬ 
tion  with  b.p.  65-70*  (30  mm)  being  collected.  The  yield  of  tert  -butyl-6 -chlorovinyl  ketone  was  6.8  g(73%). 
The  substance  had  the  following  constants  after  a  second  distillation: 

B.p.  66-67.5*  (27  mm),  d“4  1.0031,  n®D  1.4593,  MRd  39.98;  Calc.  38.94. 

Found  %:  C  57.66,  57.50;  H  7.91,  7.90.  C7H11OCI.  Calculated  %:  C  57.35;  H  7.56. 

The  product  was  a  colorless  oil  with  a  penetrating,  unpleasant  odor.  It  was  miscible  with  organic  solvents, 
insoluble  in  water  and  was  rather  stable  in  storage. 

Isobutyl-g-methyl-B  -chlorovinyl  ketone.  This  was  prepared  under  similar  conditions  from  4.18  g  of  2- 
hydroxymethylene-5-methyl-3-hexanone  and  2.3  ml  of  thionyl  chloride  in  30  ml  of  anhydrous  benzene.  After 
the  usual  treatment,  a  distillation  gave  3.53  g  (75%)  of  the  product  with  b.p.  68-70*  (7  mm).  The  substance 
had  the  following  constants  after  a  second  distillation: 

B.p.  68-70* (7  mm),  d“4  0.9892,  n®D  1.4573,  MRq  44.21;  Calc.  43.55. 

Found  %;  Cl  22.53.  CgHtjOCl.  Calculated  %:  Cl  22.13. 

The  substance  was  a  colorless  liquid  with  a  sharp,  unpleasant  odor;  it  was  miscible  with  organic  solvents 
and  insoluble  in  water:  it  was  quite  stable  in  storage. 

Tert  -butyl-3-pyrazolyl  ketone.  To  an  ethereal  solution  of  diazomethane,  prepared  from  5.4  g  of  nitro- 
somethylurea,  a  solution  of  4.5  g  of  tert. -butyl-6  -chlorovinyl  ketone  in  20  ml  of  absolute  ether  was  added  gradu¬ 
ally  with  ice-cooling.  The  solution  lost  its  color  rapidly  and  after  1-2  hours  there  began  the  precipitation  of 
crystals  of  tert  -butyl-3-pyrazolyl  ketone  hydrochloride.  The  mixture  was  set  aside  for  one  day,  after  which  the 
precipitated  hydrochloride  was  filtered  off  and  treated  with  a  hot  15%  sodium  carbonate  solution:  the  resulting 
tert  -butyl-3-pyrazolyl  ketone  was  then  filtered  off.  Its  yield  was  2.4  g(51.5%).  It  formed  colorless  needles 
after  recrystallization  from  benzene:  m.p.  99-100*:  the  product  was  readily  soluble  in  ether,  alcohol  and  acetone 
it  was  difficultly  soluble  in  cold  water,  benzene  and  petroleum  ether. 

Found  %:  C  63.13,  63.05;  H  7.89.  7.94.  CgHuONj.  Calculated  %:  C  63.13;  H  7.95. 

Its  oxime  was  prepared  in  aqueous  alcohol:  it  formed  colorless  crystals  with  m.p.  161.5-163*,  after  re¬ 
crystallization  from  toluene. 

Found  %:  N  25.64,  25.50;  CgHyOI^.  Calculated  %:  N  25.13. 
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3(6)-TerT  -butylpyrazole.  To  a  solution  of  13.7  g  of  tert  -butyl- 6 -chloro vinyl  ketone  in  80  ml  of 
ether  there  was  added  dropwise,  but  rapidly,  18.5  ml  of  an  80  solution  of  hydrazine  hydrate,  with  cooling  by 
tap  water  and  with  shaking.  The  mixture  was  set  aside  overnight,  after  which  it  was  refluxed  for  one  hour. 

After  being  cooled,  the  mixture  was  treated  with  90  ml  of  40«/o  sodium  hydroxide  solution,  the  resulting  aqueous 
layer  was  extracted  with  ether,  the  ethereal  layer  was  dried  over  ignited  potassium  carbonate  and  the  ether  was 
distilled.  The  residue  was  vacuum  distilled  with  the  product  coming  over  totally  within  the  range  of  135-136* 

(38  mm)  after  which  it  solidified  on  standing  to  a  crystalline  mass  with  m.p.  48-51*.  Yield:  8.5  g  (73*70);  b.p. 

214-215*  (748  mm),  n**‘®D  1.4825  (supercooled);  it  was  readily  soluble  in  organic  solvents  and  difficultly 
soluble  in  water. 

Found  C  67.83,  67.92;  H  10.19,  10.06.  C7H12N2.  Calculated  <70:  C  67.70;  H  9.74. 

Literature  data  [15];  b.p.  214®  (760  mm),  115®  (15  mm),  m.p.  53-55. 

The  picrate  of  this  substance  was  prepared  in  alcohol;  it  formed  yellow  needles  with  m.p.  139.5-141®, 
after  being  recrystallized  from  alcohol. 

Found  %:  N  19.53,  19,98  CyHisOyNg.  Calculated  <^o:  N  19.83, 

Ferrochloride  of  2-tert  -butylnaphtho-(l,2: 5,6)-pyrillium.  To  a  solution  of  1.36  g  of  6 -naphthol  in  14  ml 
of  glacial  acetic  acid  there  was  added  1.5  g  of  tert  -butyl-6  -chlorovinyl  ketone,  followed  by  8  ml  of  a  solution  of 
of  anhydrous  ferric  chloride  in  concentrated  hydrochloric  acid  (10  g  FeCls  in  15  ml  of  the  acid).  A  precipitate 
soon  began  to  form;  the  mixture  was  set  aside  for  one  hour,  after  which  the  precipitate  was  filtered  off  and  washed 
on  the  filter  with  small  amounts  of  glacial  acetic  acid  and  absolute  ether.  The  yield  of  2-tert-butylnaphtho- 
(1,2 ;  5,6)-pyrillium  ferrochloride  was  2,5  g  (56*70);  it  formed  yellow  needles  with  m.  p.  195-197.5®,  after  being  re¬ 
crystallized  from  glacial  acetic  acid;  it  was  insoluble  in  organic  solvents  and  was  decomposed  by  water. 

Found  %:  C  46.94,  46.84;  H  4.02,  4.14.  Ci7Hi70Cl4Fe.  Calculated  C  46.94;  H  3.94. 

I 

SUMMARY 

It  was  shown  that  the  method  of  synthesis  of  6  -chlorovinyl  ketones  by  treatment  of  the  corresponding  u 

hydroxymethylene  ketones  with  thionyl  chloride  is  applicable  to  the  aliphatic  series.  It  is  possible  to  prepare 
the  previously  inaccessible  a-alkyl-  6 -chlorovinyl  ketones  by  this  method. 
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STUDIES  IN  THE  FIELD  OF  CHEMISTRY  OF  PYRAZOLIDINE 

in.  STUDY  OF  THE  REACTIVITY  OF  l,2-DIPHENYL-3,5-DIOXOPYRAZOLIDINE 
(NITRATION,  SULFATION.  ETC.) 

A.  M.  Khaletskii,  V.  G.  Pesin  and  Te'ng  Jun-Hsiang 


In  the  present  paper  there  are  given  the  data  from  a  further  study  of  the  reactivity  of  the  methylene  group 
of  l,2-diphenyl-3,5-dioxopyrazolidine  (I).  In  nitration  of  this  compound  by  a  mixture  of  concentrated  nitric 
and  sulfuric  acids  (with  cooling)  there  is  formed  a  mono-nitro  derivative  which  carries  the  nitro  group,  as  one 
may  suppose,  in  the  C4  position  (II). 
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This  supposition  arises  from  the  fact  that  the  hydrogen  atoms  at  C4  are  rather  mobile  [1],  In  addition  to 
this,  if  the  nitro  group  had  entered  the  benzene  ring,  one  should  have  expected  the  formation  of  a  dinitro  deriva¬ 
tive.  The  nitro  derivative  on  being  reduced  with  tin  in  the  presence  of  hydrochloric  acid  is  transformed  into  the 
corresponding  amino  derivative,  which  after  diazotization  and  subsequent  coupling  with  2-naphthol  forms  a  dye. 
However,  owing  to  the  instability  of  the  resulting  product,  presumably  4-amino-l,2-diphenyl-3,5-dioxopyrazol- 
idine,  the  latter  cannot  be  isolated.  Thus,  the  reduction  product  behaves  itself  analagous  to  4-aminopyrazole. 
Sulfonation  of  l,2-diphenyl-3,5-dloxopyrazolidine  leads,  judging  by  the  analytical  data  for  the  barium  salt,  to 
the  trisulfo  derivative  (presumably  with  structure  III).  This  supposition  may  be  made  on  the  basis  of  the  com¬ 
parison  with  literature  data  [3]  according  to  which  the  sulfonation  of  l-phenyl-3-methyl -5-pyrazolone,  (IV), 
which  is  close  in  structure,  leads  to  (V),  (VI)  and  also  to  (VII),  containing  the  sulfo  groups  in  C4  position  in  the 
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pyrazolone  nucleus  and  in  para -position 'in  the  benzene  nucleus.  The  authors  investigated  some  properties  of  the 
cited  sulfonic  acids,  specifically  the  reactions  of  the  latter  with  nitrous  acid  and  with  aryl  diazonium  salts.  The 
data  obtained  by  them  permitted  them  to  assign  structures  (VIII)  amd  (IX)  to  the  barium  salts  of  the  sulfonic  (VI) 
and  dlsulfonic  acids  (VU). 
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In  checking  these  data  [2]  in  respect  to  the  sulfonation  product  of  l,2-diphenyl-3,5-dioxopyrazolidine  we 
also  observed  approximately  the  same  phenomenon  and,  therefore,  structure  (IE)  for  the  sulfonation  product 
of  l,2-diphenyl-3,6-dioxopyrazolidine  is  not  excluded. 

Thus,  in  nitration  and  sulfonation  the  pyrazolidine  ring  behaves  like  the  pyrazolone  ring,  at  it  does 
in  halogenation  and  thiocyanation  [1]. 

In  a  comparison  of  the  reactivity  of  the  pyrazolidine  ring  with  the  analogous  ability  of  typical  aromatic 
compounds  (benzene,  aromatic  amines)  one  may  conclude  that  the  3,5-dioxopyrazolidine  ring  comes  close  in 
properties  to  the  aromatic  amines.  The  high  reactivity  of  the  methylene  group  is  clearly  indicated  by  the  reac¬ 
tions  of  condensation,  run  by  us,  between  l,2-diphenyl-3,5-dioxopyrazolidine  (I)  and  p-nitrosodimethylaniline 
and  p-nitrobenzenediazonium  chloride. 
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The  totality  of  the  data  thus  obtained  indicates,  therefore,  the  high  mobility  of  the  hydrogen  atoms  in  the 
methylene  group  of  l,2-diphenyl-3,5-dioxopyrazolidine. 

EXPERIMENTAL 

4-Nitro-l,2-diphenyl-3,5-dioxopyrazolidine  (11).  A  mixture  of  1.9  ml  of  concentrated  sulfuric  acid  and 
1.5  ml  of  concentrated  nitric  acid  was  cooled  with  ice  and  to  it  was  slowly  added  with  stirring  3.9  g  of  1,2- 

diphenyl-3,5-dioxopyrazolidine.  After  stirring  for  one  hour,  100  ml  of  water  was  added  to  the  resulting  thick 

mass:  the  precipitate  was  filtered  off,  dried  in  a  vacuum  desiccator  and  recrystallized  from  dilute  alcohol; 
there  was  obtained  2.3  g  (51*70)  of  the  substance  with  m.p.  175-180*  (with  decomposition).  It  formed  dark  yellow 
crystals,  insoluble  in  water  and  acids,  soluble  in  alkalies,  alcohol,  ether  and  chloroform. 

Founder  €  60.79,  60.87;  H  3.98,  3.50;  N  13.88,  14.25.  CjjHuO^Nj.  Calculated  <7o:  C  60.61; 

H  3.70;  N  14.11. 

Barium  salt  of  4-sulfo-l,2-di-p-sulfophenyl-3,5-dioxopyrazolidine  (HI).  To  8  g  of  20*70  oleum  there  was 
added,  with  ice  cooling  and  stirring,  2  g  of  l,2-diphenyl-3,5-dioxopyrazolidine;  the  mixture  was  left  in  a 
closed  vessel  for  eight  days  after  which  it  was  poured  onto  100-150  g  of  ice.  The  resulting  solution  was  neutralized 
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to  Congo  red  with  barium  carbonate,  the  precipitated  barium  sulfate  was  filtered  off  and  washed  with  hot  water, 
and  to  the  combined  filtrate  there  was  added  dropwise  enough  ethyl  alcohol  to  produce  turbidity.  After  cooling, 
there  separated  a  fine  crystalline  precipitate  which,  after  being  washed  with  alcohol,  was  dried  in  air;  there  was 
obtained  2.1  g  of  the  substance  (7 27o). 

Found  Ba  27.96,  26.85.  Ci5H90nN2SsBaij6  *31120.  Calculated  %:  Ba  27.43. 

Product  of  condensation  of  p-dimethylaminonitrosobenzene  with  l,2-diphenyl-3,5-dioxopyrazolidine.  A 
mixture  of  4  g  of  l,2-diphenyl-3,5-dioxopyrazolidine,  2.4  g  of  p-nitrosodimethylaminobenzene  and  30  ml  of 
alcohol  was  stirred  at  20-30*,  the  resulting  precipitate  was  filtered  off,  washed  with  ether,  dried,  dissolved  in 
chloroform  and  boiled  with  charcoal.  After  addition  of  ether  to  the  chloroform  filtrate,  the  separated  precipitate 
was  filtered  off  and  washed  with  a  mixture  of  chloroform  and  ether;  there  was  obtained  3  g  (60<7o)  of  the  sub¬ 
stance  with  m.p,  210-215*.  It  formed  a  deep  violet  powder,  insoluble  in  water,  ether,  alkalies  and  acids,  but 
soluble  in  alcohol  and  chloroform. 

Found  C  71.68,  71.42;  H  5.35,  5.25;  N  13.61,  13.48.  C23Ha,02N4.  Calculated  %•.  C  71.87;  H  5.21; 

N  14.58. 

Product  of  azo  coupling  of  l,2-diphenyl-3,5-dioxopyrazolidine  with  p-nitrobenzenediazonium  chloride. 

To  an  aqueous  solution  of  2  g  of  the  sodium  derivative  of  l,2-diphenyl-3,5-dioxopyrazolidine  there  was  slowly 
added,  with  ice  cooling,  a  solution  of  p-nitrobenzenediazonium  chloride,  prepared  from  1.4  g  of  4-nitroaniline. 
The  precipitated  orange  product  was  filtered  off,  washed  with  water  and,  after  being  dried  in  air,  was  recrystall¬ 
ized  from  chloroform;  there  was  obtained  2.6  g  of  it  (80<7o)  with  m.p.  271-272*.  It  formed  orange  crystals, 
insoluble  in  water,  acids,  alcohol,  benzene,  acetone  and  ether,  sparingly  soluble  in  carbon  tetrachloride  and 
more  readily  soluble  in  chloroform;  it  was  insoluble  in  dilute  solution  of  sodium  hydroxide  in  the  cold,  but  does 
dissolve  in  it  on  being  heated  and  forms  a  cherry -red  solution. 

SUMMARY 

1.  It  was  shown  that  l,2-diphenyl-3,5-dioxopyrazolidine  is  readily  nitrated  under  conditions  which  are 
usual  for  aromatic  compounds  with  formation,  most  likely,  of  4-nitro-l,2-diphenyl-3,5-dioxopyrazolidine. 

2.  It  was  shown  that  l,2-diphenyl-3,5-dioxopyrazolidine  is  sulfonated  by  oleum  with  formation  of, 
presumably,  a  trisulfo  derivative  —  4-sulfo-l,2-di-p-sulfophenyl-3,5-dioxopyrazolidine. 

3.  It  was  found  that  l,2-diphenyl-3,5-dioxopyrazolidine  readily  reacts  with  p-nitrosodimethylaniline  and 
benzenediazonium  chloride  with  formation  of  the  corresponding  products  of  condensation  at  the  hydrogens  of  the 
methylene  group. 
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STUDIES  IN  THE  FIELD  OF  CHEMISTRY  OF  PYRAZOLIDINE 


IV.  SYNTHESIS  AND  STUDY  OF  SULFIDES  AND  DISULFIDES  OF  1.2-DIPHENYL -AND 
4-n-BUTYL-l,2-DIPHENYL-3,5-DIOXOPYRAZOLIDINES 

V.  G.  Pesin,  A.  M.  Khaletskii  and  Ting  Jun-Hsiang 


It  was  recently  shown  by  us  [1,  2]  that  hydrogen  atoms  of  the  methylene  group  of  l,2-diphenyl-3,5-di- 
oxopyrazolidine  readily  react  in  substitution  reactions.  In  the  present  paper  there  are  described  some  data  on 
the  study  of  the  reactivity  of  chloro-,  bromo-  and  thiocyano- derivatives  of  1,2-diphenyl-  and  4-n-butyl-l,2- 
diphenyl-3,5-dioxopyrazolidines.  4-Bromo-l,2-diphenyl-3,5-dioxopyrazolidine  (I)  readily  reacts  with  sodium 
sulfide  with  predominant  formation  of  sulfide  (H);  as  a  byproduct  there  is  formed  bis-(l,2-diphenyl-3,5-di- 
oxopyrazolidine)  (III),  the  structure  of  which  is  proved  by  an  alternate  synthesis  (by  the  reaction  of  bis-malonic 
ester  with  hydrazobenzene). 
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The  great  mobility  of  the  halogen  in  compound  (I)  and  the  aromatic  character  of  the  pyrazolidine  ring, 
disclosed  by  us  previously  in  reactions  of  nitration,  sulfonation,  halogenation  and  thiocyanation,  permits  a  com 
parison  of  (I)  with  2.4-dinitrochlorobenzene,  in  which,  as  it  is  known,  the  aromatic  properties  and  the  high 
reactivity  of  the  halogen  are  combined.  In  view  of  this,  we  also  examined  the  reaction  of  (I)  with  triethyl- 
ammonium  diethyl  thiophosphate  (IV). 

As  it  is  known,  alkali  salts  of  dialkyl  thiophosphates  have  a  dual  reactivity.  Thus,  for  example,  in  the 
reaction  with  halogen  derivatives  of  the  aliphatic  series  they  form  two  series  of  derivatives:  esters  with  the  thiono 
and  the  thiolo  structure  [3]: 
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^OX 
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OR 
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X  —  cation;  Hal  -  halogen;  R  -  alkyl;  R’  —  alkyl,  aralkyl  or  acyl. 


As  to  the  reactions  of  the  salts  of  dialkyl  thiophosphates  with  aromatic  halogen  derivatives,  no  data  exist 
on  them  in  the  literature.  As  it  was  shown  by  one  of  us  [4],  the  sodium,  ammonium  and  triethylammonium  salts 
of  diethyl  dithiophosphate  react  with  2,4-dinitrochlorobenzene  with  formation  of  2,4,2’,4' -tetranitrodiphenyl 
sulfide  (V). 
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in  a  further  study  of  the  given  reaction  it  was  found  that  the  latter  proceeds  analogously  with  other  aromatic 
and  heterocyclic  halogen  derivatives.  It  was  shown  by  us  that  4-bromo-l,2-diphenyl-3,5-dioxopyrazolidine  (I) 
reacts  with  triethylammonium  diethyl  thiophosphate  (IV)  analogously  to  the  reaction  of  the  latter  with  2,4-dinitro 
chlorobenzene  with  formation  of  sulfide  (II);  as  a  byproduct  in  this  case,  as  in  the  reaction  with  sodium  sulfide, 
there  is  formed  bis-(l,2-diphenyl-3,5-dioxopyrazolidine)  (III).  The  indicated  analogy  of  properties  of  2,4- 
dinitrochlorobenzene  and  4-bromo-l,2-diphenyl-3,5-dioxopyrazolidine  (I)  permits  one  to  suppose  that  the  acti¬ 
vating  influence  of  the  carbonyl  groups  in  (I)  in  respect  to  the  reactivity  of  the  halogen  at  C4  position  in  the 
latter  is  approximately  the  same  as  that  of  the  two  nitro  groups  in  2,4-dinitrochlorobenzene. 

In  order  to  study  the  effect  of  an  alkyl  group  at  C4  on  the  mobility  of  the  halogen,  we  studied  the  reaction 
of  4-bromo-4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine  (  VI)  with  sodium  sulfide:  it  was  shown  that  in  this 
reaction  the  corresponding  sulfide  (VII)  is  also  formed. 
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However,  in  this  case  we  failed  to  isolate,  along  with  the  main  product,  any  of  the  sulfur-free  products  of 
condensation  of  two  pyrazolidine  rings  (III)  as  was  the  case  in  the  reaction  of  l,2-diphenyl-3,5-dioxopyrazolidine 
with  sodium  sulfide,  which  in  fact  may  be  explained  by  the  blocking  effect  of  the  butyl  radical  on  the  mobility 
of  the  halogen. 
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The  notable  effect  of  the  butyl  radical  is  also  observed  in  the  reaction  of  4-bromo-4-n-butyl-l, 2-di¬ 
phenyl -3,5 -dioxopyrazolidine  (VI)  with  triethylammonium  diethyl  thiophosphate  (IV).  In  this  reaction  the 
corresponding  ester  of  thiono  (VIII)  or  thiolo  (IX)  structure  is  formed,  but  not  the  sulfide  (VII),  as  is  the  case 
in  the  reaction  of  4-bromo-l,2-diphenyl-3,5-dioxopyrazolidine  (I)  with  (IV). 


(IV) 


SP< 

I 

O 

I 

H9C4-C- 

I 

0=r.-G 

\fi/ 


.OC.2lIr. 

.()C2Hr. 

OP< 

'OC2ff  B 

1  ^OG2nr, 

S 

—  G=0  or 

1 

IliA— G - G=0 

1 

N-Gells 

1  1 

0=G  N— GfiNr, 

(vin) 


G«1I, 


.N/ 

I 

Cellr, 


(IX) 


The  starting  triethylammonium  diethyl  thiophosphate  was  prepared  by  us  by  addition  of  sulfur  to  tri¬ 
ethylammonium  diethyl  phosphite 
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by  the  reaction  of  sulfur  with  ammonium  dialkyl  phosphites  or  with  salts  of  diethyl  phosphorous  acid  and  organic 
bases,  a  reaction  that  had  been  studied  by  one  of  us  [4]. 
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B  -  various  primary,  secondary  or  tertiary  organic  bases 


4-Thiocyano-l,2-diphenyl-3,5-dioxopyrazolidine  (X)  reacts  readily  with  alcoholic  alkali  with  formation 
of  the  di -sulfide  (XI). 
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We  failed  to  isolate  the  corresponding  disulfide  in  running  this  reaction  with  4-n-butyl-l,2-diphenyl- 
3,5 -dioxopyrazolidine:  in  this  case  we  isolated  a  substance  which  was  free  of  sulfur  and  had  the  composition  of 
(in%):  C  73.34,  H  7.20,  N  11.55,  which  was  not  studied  further. 


Disulfide  (XII)  was  prepared  by  the  reaction  of  4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine  (VI)  with 
sodium  disulfide. 


3062 


(VI) 


C4ll„ 

C4II0 

1 

1 

0=C  G  S 

1 

_ s _ Q _ c=o 

1  1 

llgCe-N  C=0 

1  1 

0=c  N-Cell 

Xn/' 

\n/ 

1 

Cells 

(XII) 

The  data  from  the  study  of  the  reactions  of  bromo-  and  thiocyano-derivatives  of  l,2-diphenyl-3,5-dioxo- 
pyrazolidine  and  its  C4-n-butyl  derivative  with  sodium  sulfide  and  disulfide,  with  triethylammonium  diethyl 
thiophosphate  and  with  alcoholic  alkali,  show  sufficiently  clearly  that  in  these  reactions  the  n-butyl  radical  at 
C4  position  causes  a  material  and  evidently  hindering  effect  on  the  direction  of  the  process. 


EXPERIMENTAL 

4,4-Bis-(l,2-diphenyl-3,5-dioxopyrazolidine)(III).  Heating  0.83  g  of  metallic  sodium  in  50  ml  of 
anhydrous  alcohol,  5.7  g  of  bis-malonic  ester  prepared  by  method  [5],  and  7.7  g  of  hydrazobenzene  on  an  oil 
bath  in  a  flask  provided  with  a  reflux  condenser  with  stirring  for  1.5  hours  at  120-130*  was  followed,  after 
distillation  of  the  alcohol,  by  heating  for  seven  hours  at  150-160*  (tar  formation  was  observed  at  above  165*); 
after  being  cooled,  the  mixture  was  dissolved  in  150  ml  of  water.  After  filtration,  the  alkaline  aqueous  solution 
was  extracted  with  ether  and  the  filtrate  was  decomposed  with  hydrochloric  acid  (to  acid  reaction  with  Congo 
red).  The  resulting  precipitate  was  filtered  off,  dissolved  in  chloroform  and  precipitated  from  the  hot  solution 
with  alcohol;  there  was  obtained  6.4  g  (72^o)  of  the  substance  with  m.p.  240-242*.  It  forms  colorless  small 
needles  which  turn  pink  in  air;  they  are  insoluble  in  water,  alcohol  and  acids,  sparingly  soluble  in  ether  and 
readily  soluble  in  chloroform. 

Found  <7o:  C  71.62,  71.84;  H  4.68,  4.40;  N  11.29,  11.25.  CsoH2i04N4.  Calculated  %:  C  71.71;  H  4.38; 

N  11.16. 

Sulfide  of  l,2-diphenyl-3,5-dioxopyrazolidine  (II).  a)  One  g  of  triethylamine,  320  mg  of  purified  sulfur 
and  1.38  g  of  diethyl  ester  of  phosphorous  acid  were  heated  for  one  hour  at  60-70*,  during  which  time  almost 
all  the  sulfur  dissolved.  After  addition  of  3.3  g  of  4-bromo-l,2-diphenyl-3,5-dioxopyrazolidine  in  20  ml  of 
alcohol,  the  reaction  mixture  was  again  heated  on  a  water  bath  for  five  hours.  The  resulting  precipitate  was 
separated,  washed  with  alcohol  and  recrystallized  from  a  mixture  of  chloroform  and  alcohol;  there  was  obtained 
1  g  of  the  substance  which  gave  no  depression  in  a  mixed  melting  point  with  (III).  After  addition  of  15  ml  of 
water  to  the  filtrate,  there  separated  a  precipitate  which,  after  many  recrystallizations  from  alcohol,  melted  at 
167-173*;  yield:  40%. 

Found  %:  C  67.60,  67.37;  H  4.52,  4.17;  N  10.35,  10.91.  C30H22O4N4S.  Calculated  %:  C  67.42;  H  4.12; 

N  10.49. 

To  3  g  of  4-bromo-l,2-diphenyl-3,5-dioxopyrazolidine  in  20  ml  of  alcohol  0.6  g  of  sodium  sulfide  in 
15  ml  of  alcohol  was  gradually  added  and  the  mixture  was  heated  on  a  steam  bath  for  two  hours.  After  the 
separation  of  the  resulting  precipitate  and  its  recrystallization  from  chloroform,  there  was  obtained  0.8  g(33%) 
of  product  with  m.p.  240-242*.  The  mixed  melting  point  with  bis-(l,2-diphenyl-3,5-dioxopyrazolidine)  (III) 
showed  no  depression.  After  addition  of  300  ml  of  water  to  the  filtrate,  there  formed  a  precipitate  which,  after 
many  recrystallizations  from  alcohol,  melted  at  165-170";  there  was  obtained  1.1  g(42%)  of  the  product  which 
in  its  properties  corresponded  to  the  sulfide  of  l,2-diphenyl-3,5-dioxopyrazolidine.  Mixed  melting  point  with  the 
latter  gave  no  depression. 

Sulfide  of  4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine  ( VII).  To  a  solution  of  2.88  g  of  4-bromo-4-n- 
butyl-l,2-diphenyl-3,5-dioxopyrazolidine  in  15  ml  of  alcohol  there  was  added,  with  constant  stirring,  an  alcoholic 
solution  containing  0.48  g  of  sodium  sulfide,  after  which  the  reaction  mixture  was  heated  for  two  hours  on  a  steam 
bath.  After  addition  of  20  ml  of  water  to  the  filtrate,  the  resulting  precipitate  was  combined  with  the  original 
precipitate,  obtained  above,  and  the  total  was  recrystallized  from  alcohol;  there  was  formed  1.5  g(62.5%)  of  the 
product  with  m.p.  67-70*. 
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Found  0^:  C  70.34,  70.72;  H  5.82,  ‘  6.12;  N  8.87,  8.47,  C„H5,04N4S,  Calculated  C  70.74, 

H  5.88;  N  8.67. 

A  study  of  the  reaction  of  4-n-butyl-4-bronio-l,2-diphenyl-3,5-dioxopyrazolidine  with  sulfur  and  diethyl 
ester  of  phosphorous  acid  (in  the  presence  of  triethylamine).  To  1  g  of  triethylamine  there  was  added  320  mg  of  sulfur, 
sulfur,  1.38  g  of  diethyl  ester  of  phosphorous  acid  and  the  mixture  was  heated  for  one  hour  at  60*  (whereupon 
almost  all  the  sulfur  dissolved).  To  the  solution  there  was  added  3.9  g  of  4-n-butyl-4-bromo-l,2-diphenyl-3,5- 
dioxopyrazolidine  and  20  ml  of  alcohol  after  which  the  reaction  mixture  was  again  subjected  to  heating  on  a 
water  bath  for  five  hours.  After  filtration,  50  ml  of  water  was  added  to  the  filtrate  and  the  resulting  precipitate 
was  subjected  to  recrystallization  from  alcohol;  there  was  obtained  3.1  g  (65%)  of  the  product  with  m.p.  92.5- 
93.5". 

Found  %:  C  58.74,  58.33;  H  6.28,  6.45;  N  6.26,  6.25;  S  6.41,  6.12.  CaHaOgNiSP.  Calculated  %: 

C  57.98;  H  6.09;  N  5.88;  S  6.72. 

Disulfide  of  bis-(l,2-diphenyl-3,5-dioxopyrazolidine)  (XI).  4-Thiocyano-l,2-diphenyl-3,5-dioxcthia- 
zolidine  (1.5  g)  was  heated  to  boiling  in  15  ml  of  alcohol,  after  which  0.2  g  of  sodium  hydroxide  was  added. 

The  resulting  yellow  precipitate  was  filtered  off  after  one  hour  of  heating  and  was  recrystallized  from  alcohol; 
there  was  obtained  1.4  g  (50.9%)  of  the  product  with  m.p.  265-269*  (with  decomposition).  It  forms  bright 
yellow  crystals,  soluble  in  water;  on  acidification  of  the  solution  a  colorless  precipitate  formed. 

Found  %:  C  63.48.  63.33;  H  3.93,  3.74;  N  10.38,  9.95.  CJ0H22O4N4S2.  Calculated  %:  C  63.60; 

H  3.89;  N  9.89. 

Disulfide  of  di-(4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine)(XII).  Sodium  sulfide  (1.6  g)  was  dissolved 
in  10  ml  of  95%  alcohol  with  heating,  0.2  g  of  powdered  sulfur  was  added  to  the  solution  and  heating  was  con¬ 
tinued  until  the  sulfur  dissolved  completely.  Then  the  solution  was  added  to  3  g  of  4-bromo-4-butyl-l,2-diphenyl- 
3,5-dioxopyrazolidine  in  10  ml  of  alcohol  and,  after  being  heated  on  a  water  bath  for  three  hours,  the  reaction 
mixture  was  subjected  to  filtration.  After  addition  of  60  ml  of  water,  the  resulting  precipitate  was  filtered  off 
and  recrystallized  from  alcohol.  There  was  obtained  1.04  g(40%)  of  the  product  with  m.p.  153-155". 

Found  %:  N  7.72,  8.12;  S  9.81,  9.83.  Ci,Hsj04N4S2.  Calculated  %:  N  8.23;  S  9.44. 

A  study  of  the  reaction  of  4-thiocyano-4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine  with  sodium 
hydroxide.  To  a  solution  of  1.5  g  of  4-thiocyano-4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine  in  15  ml  of 
alcohol  there  was  added  a  solution  of  0.2  g  of  sodium  hydroxide  in  10  ml  of  alcohol  and  the  reaction  mixture 
was  refluxed  for  two  hours.  After  cooling  and  filtration,  the  solution  was  evaporated  to  dryness  on  a  water  bath, 
the  residue  was  taken  up  in  water  and  the  aqueous  solution  was  extracted  with  ether  to  remove  the  impurities. 

After  acidification  of  the  aqueous  filtrate  with  hydrochloric  acid,  a  precipitate  formed,  which  after  recrystalli¬ 
zation  from  alcohol,  melted  at  102-103*;  there  was  obtained  1.2  g  of  the  substance.  It  formed  colorless  small 
needles  which  were  sulfur-free,  and  were  insoluble  in  alkalies  and  acids,  but  soluble  in  water,  alcohol,  ether 
and  chloroform. 

Found  %:  C  73.33,  73.34;  H  7.30,  7.15;  N  11.38,  11.78. 

SUMMARY 

1.  It  was  found  that  4-bromo-l,2-diphenyl-3,5-dioxopyrazolidine  reacts  both  with  sodium  sulfide  and 
with  triethylammonium  diethyl  thiophosphate,  with  formation,  as  the  main  product,  of  di-(l,2-diphenyl-3,5- 
dioxopyrazolidine)  sulfide  and  of  bis-(l,2-diphenyl-3,5-dioxopyrazolidine)  as  a  byproduct. 

2.  It  was  found  that  4-bromo-4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine  reacts  both  with  sodium 
sulfide  with  formation  of  bis-(4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine)  sulfide  and  with  triethylammonium 
diethyl  thiophosphate,  with  formation  of  4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine  thiophosphate  with  thiono 
or  thiolo  structure. 

3.  It  was  established  that  4-thiocyano-l,2-diphenyI-3,5-dioxopyrazolidine  reacts  readily  with  alcoholic 
alkali,  forming  di-(l,2-diphenyl-3,5-dioxopyrazolidine)  disulfide,  while  in  the  reaction  of  4-thiocyano-4-n- 
butyl-l,2-diphenyl-3,5-dioxopyrazolidine  with  alcoholic  alkali  the  reaction  product  is  a  sulfur-free  substance. 
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4.  It  was  established  that  in  the  reaction  of  4-bromo-4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine 
with  sodium  disulfide  di-(4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine)  disulfide  is  formed. 

6.  It  was  shown  that  in  the  reaction  of  bis-malonic  ester  with  hydriazobenzene  bis-(l,2-diphenyl-3,5- 
dioxopyrazolidine  is  formed. 

6.  Experimental  data  indicate  that  in  the  series  of  reactions  the  n-butyl  group  in  C4  position  displays  a 
predominantly  blocking  effect  on  the  direction  of  the  reaction  process. 
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CHEMISTRY  OF  SELENOPHENE 


Xm.  CYANOETHYF.ATION  OF  KETONES  OF  THE  SELENOPHENE  SERIES 

lu.  K.  lur'ev,  N.  K.  Sadovaia  and  V.  V.  Titov 


In  one  of  our  previous  papers  [1]  we  reported  on  the  am inom ethylation  of  ketones  of  the  selenophene  series, 
by  means  of  the  Mannich  reaction,  in  which  we  prepared  a  series  of  6-dimethylaminoalkyI  2-selenienyl  ketones. 

In  the  present  work,  in  continuing  the  study  of  the  reactivity  of  ketones  of  this  series,  we  examined  the 
possibility  of  cyanoethylation  of  these  substances.  It  is  known  from  the  literature  that  cyanoethylation  of  the 
simplest  ketones  of  furan  and  thiophene  series  -  2-acylfurans  and  2-acylthiophenes  -  proceeds  with  a  quanti¬ 
tative  yield  in  the  presence  of  "Triton  B";  in  running  the  reaction  in  the  presence  of  alkali  the  cyanoethylated 
ketones  are  also  formed  but  in  lower  yields,  which  do  not  rise  above  50^o  [2-4],  In  the  work  by  Acara  and 
Levine  [5],  devoted  to  cyanoethylation  of  ketones  of  furan  and  thiophene  series  with  a  more  complex  structure, 
run  also  in  the  presence  of  "Triton  B",  it  was  noted  that  2^5-dimethyl-3-acetofuran  forms  even  under  the 
most  favorable  conditions,  only  a  low  yield  of  the  tricyanoethyl  derivative  (15.7*70:);  as  to  2,5-dimethyl-3-buty- 
rofuran,  during  its  cyanoethylation  there  was  formed  only  the  monocyanoethyl  derivative  in  54.3%  yield,  instead 
of  a  di-cyanoethyl  derivative. 

In  the  present  work  we  took  for  the  cyanoethylation  reaction  not  only  the  simplest  ketones  of  the  selenophene 
series,  such  as  methyl,  ethyl  and  isopropyl  2-selenienyl  ketones,  but  also  those  with  more  complex  structure,  con¬ 
taining  a  methyl  group  in  ortho -position  in  respect  to  the  acyl  group,  as  for  example:  methyl  3-methyl-2- 
selenienyl  ketone,  isopropyl  3,4-dimethyl-2-selenienyl  ketone  and  isopropyl  3,5-dimethyl-2-selenienyl  ketone. 

These  ketones  were  prepared  by  the  method  described  by  us  in  our  previous  papers  —  by  acylation  of  seleno¬ 
phene  and  its  homologs  with  silicoanhydrides  of  the  corresponding  monobasic  acids  in  the  presence  of  anhydrous 
stannic  chloride  [6,  7],  while  in  the  case  of  acylation  of  selenophene  and  dimethylselenophene  with  the  silico- 
anhydride  of  isobutyric  acid  the  yields  of  the  respective  ketones  were  45-61%  and  only  in  the  case  of  acylation 
of  3-methylselenophene  was  the  yield  as  low  as  33.5%. 

Cyanoethylation  of  the  indicated  ketones  in  the  selenophene  series  was  run  in  the  medium  of  anhydrous 
tert  -butyl  alcohol  in  the  presence  of  an  alcoholic  solution  of  potassium  hydroxide.  We  established  that  by 
using,  for  the  catalyst,  a  six-fold  amount  of  alcoholic  alkali  (in  comparison  with  the  amount  indicated  for  the 
cyanoethylation  of  the  corresponding  ketones  of  the  thiophene  series  [2]),  it  is  possible  to  prepare  6  -oxonitriles 
of  the  selenophene  series  in  yields  which  exceed  those  of  the  corresponding  oxonitriles  of  the  furan  and  thiophene 
series,  even  in  case  of  their  preparation  in  the  presence  of  "Triton  B". 

Thus,  by  cyanoethylating  2-aceto-,  2-propio-  and  2-isobutyroselenophene  we  prepared  the  corresponding 
1’,  r,  l’-tris-(cyanoethyl)-2-acetoselenophene,  l',l’ -bis-(cyanoethyl)-2-propioselenophene  and  1’ -methyl-l’ - 
cyanoethyl-2-propioselenophene. 

During  the  cyanoethylation  of  3-methyl-2-acetoselenophene  there  was  formed  a  noncrystallizing  reaction 
product,  the  hydrolysis  of  which  with  aqueous  alkali  yielded  3-methyl-l’,  T,  1’ -tris-(carboxyethyl)-2-acetosel- 
enophene,  which  proved  the  possibility  of  cyanoethylation  of  3-methyl-2-acetoselenophene  by  a  normal  scheme, 
i.  e.,  with  formation  of  3-methyl-r,l',l' -tris-(cyanoethyl)-2-acetoselenophene.  However,  this  reaction  pro¬ 
ceeded  with  formation  of  but  a  small  amount  of  the  tricyanoethyl  derivative  of  the  ketone,  i.  e.,  it  was  just  as 
hindered  as  was  the  case  of  cyanoethylation  of  2,5-dimethyl-3-acetofuran,  described  in  the  literature  [5]. 
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An  attempt  to  realize  the  cyanoethylation  of  ketones  of  the  selenophene  series  which  contain  a  methyl 
group  in  position  3  and  an  acyl  group  in  position  2,  the  latter  group  having  a  branched  radical,  i.  e.,  compounds 
such  as  3-methyl-2-isobutyroselenophene  and  3,5-dimethyl-  and  3,4-dimethyl-2-isobutyroselenophene,  failed 
to  give  a  positive  result  even  after  heating  of  the  reaction  mixture  and  the  use  of  rigorously  purified  reagents: 
the  reaction  failed  to  take  place  completely  and  the  ketones  were  recovered  in  unchanged  state. 

The  weak  course  of  the  reaction  of  cyanoethylation  for  3-methyl-2-acetoselenophene  and  its  total  absence 
in  applications  to  3-methyl-,  3,5-dimethyl-  and  3,4-dimethyl-2-isobutyroselenophenes,  like  the  literature- 
described  preparation  of  only  the  monocyanoethyl  derivative  from  2,5-dimethyl-3-butyrofuran,  is  evidently 
caused  by  steric  hindrance  [5],  produced  by  the  presence  of  the  methyl  group  in  ortho -position  in  respect  to  the 
acyl  group  (chain  branching  in  6  -position  in  respect  to  the  carbonyl  group). 

6  -Oxonitriles  of  the  selenophene  series  failed  to  form  semlcarbazones  or  2,4-dinitrophenylhydrazones  under 
the  usual  conditions  of  preparation  of  these  derivatives. 

By  hydrolysis  of  the  5  -oxonitriles,  synthesized  by  us  in  the  selenophene  series,  we  prepared  the  corresponding 
mono-,  di-  and  tricarboxylic  6  -oxo  acids  of  the  selenophene  series,  as  for  example: 


"  "-G0GH(CH3)2 


CH,=Cn-CN 

KOH 


GH, 

I 

-GOGGH2GH2GN 

I 

GH3 


^Se 


I  GH3 

LGOCGH2GH2GOOH 

1 

GH3 


HOH 


In  this  way  we  prepared  1’ -methyl-1’ -carboxyethyl-2-propioselenophene,  r,r-bis-(carboxyethyl)-2- 
propioselenophene.  l',l',l' -tris-(carboxyethyl)-2-acetoselenophene  and  3-methyl-r,l’,l’ -tris-(carboxy ethyl)' 
2  -acetoselenophene . 


We  prepared  3,3-dimethyl-2-(2-selenienyl)-6-piperidone  by  reduction  of  1* -methyl-1' -cyanoethyl-2- 
propioselenophenc  with  anhydrous  formic  acid  in  the  presence  of  sodium  formate,  by  the  technique  which  was 
described  by  A.  N.  Kost  and  his  co-workers  [8]. 
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EXPERIMENTAL 

1.  Synthesis  of  ketones  of  selenophene  series  was  accomplished  by  the  tiEthod  which  was  described  by  us 
previously  [6,  7]. 

2-Acetoselenophene.  From  3.6  g  (0.06  mole)  of  acetic  acid,  3.4  g  (0.02  mole)  of  silicon  tetrachloride 
and  3.9  g  (0.03  mole)  of  selenophene  in  the  presence  of  3.9  g  (0.015  mole)  of  stannic  chloride  there  was  obtained 
3.2  g(61.5'7o)  of  the  ketone. 

B.p.  103-104*  (10  mm),  n“D  1.5908,  d“4  1.5460,  MRd  37.82.  C6H80SeF2.  Calculated  %:  37.39. 

Literature  data:  b.p.  103*  (12  mm),  n^  1.601,  d*®4  1.5530  [9];  b.p.  105-106*  (12  mm),  n*®D  1.5920, 

d^®4  1.5444  [10]. 

/ 

2-Isobutyroselenophene.  From  16  g  (0.18  mole)  of  isobutyric  acid,  10.2  g  (0.06  mole)  of  silicon  tetra¬ 
chloride  and  10.5  g  (0.08  mole)  of  selenophene  in  the  presence  of  11.7  g  (0.045  mole)  of  anhydrous  stannic 
chloride  there  was  obtained  9.9  g  (61.5%)  of  the  ketone. 
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B.p.  109-109.5* (8  mm),  n“D  1.5680,  d”4l.3855,  MRo  47.49.  CgHiflOSePj.  Calculated:  46.62. 

Found ‘5k:  C  47.71,  47.75;  H  5.31,  5.16;  Se  38.85,  38.91.  C,HaOSe.  Calculated  <70:  C  47.76: 

H6.01;  Se  39.26. 

2,4-Dinitrophenylhydrazone  of  2-isobutyroselenophene  -  crystals  of  cherry  red  color;  m.p.  149.5-150* 

(from  a  mixture  of  alcohol  and  ethyl  acetate).  Yield:  84*^. 

Found  <%>•.  N  14.55,  14.64;  Se  20.65,  20.67.  Ci4Hi404N4Se.  Calculated  N  14.70;  Se  20.71. 

3-Methyl-2-isobutyroselenophene.  From  16.2  g  (0.18  mole)  of  isobutyric  acid,  10.2  g  (0.06  mole)  of 
silicon  tetrachloride  and  13.1  g  (0.09  mole)  of  3-methylselenophene  (b.p.  137.5*  at  751  mm,  n*®D  1.5615, 
d*®4  1.4623,  MRj)  32.15;  calculated  32.76)*  in  the  presence  of  11.7  g  of  anhydrous  stannic  chloride (0.045 
mole)  there  was  obtained  6.5  g  (33.5P/o)  of  the  ketone. 

B.p.  122-123*  (13  mm),  n“D  1.5578,  d“4  1.3135,  MRd  52.79.  C^HuOSeFj.  Calculated:  51.25. 

Found  <70:  C  50.94,  50.74:  H  6.00,  5.94.  CjH^OSe.  Calculated ‘7o:  C  50.25:  H  5.58. 

2.4- Dinitrophenylhydrazone  of  3-methyl-2-isobutyroselenophene  —  crystals  of  dark  red  color;  m.p.  146- 
147“  (from  a  mixture  of  ethyl  acetate  and  alcohol).  Yield:  71*70. 

Found  <70:  N  14.19,  14.09.  Ci5Hi604N4Se.  Calculated  N  14.18. 

3.4- Dimethyl -2-isobutyroselenophene.  From  17.6  g  (0.2  mole)  of  isobutyric  acid,  12  g(0.07  mole)  of 
silicon  tetrachloride  and  15.9  g(0.1  mole)  of  3,4-dimethylselenophene  (b.p.  167-168*  at  752  mm,  n*®D  1.5549, 
d®4  1.3957)  [11]  in  the  presence  of  13  g  (0.05  mole)  of  anhydrous  stannic  chloride  there  was  obtained  10  g  (44*70) 
of  the  ketone. 

B.p.  134-135* (13  mm),  n“D  1.5628,  d“4  1.3034.  MRq  57.00.  CioH^OSeFa.  Calculated:  55.87. 

Found  *70:  C  52.50,  52.48;  H  6.40  ,  6.20;  Se  34.29,  34.21.  CioHi40Se.  Calculated  *70:  C  52.41;  H  6.16; 

Se  34.45.  I 

2.4- Dinitrophenylhydrazone  of  3,4-dimethyl-2-isobutyroselenophene  —  crystals  with  red  color;  m.p. 

206-207* (from  a  mixture  of  ethyl  acetate  and  alcohol).  Yield:  79*7o. 

Found  *7):  Se  19.33,  19.37.  Ci6Hig04N4Se.  Calculated  °lo:  Se  19.29. 

3.5- Dimethyl-2-isobutyroselenophene.  From  11.7  g(0.l3  mole)  of  isobutyric  acid,  9.4  g  (0.055  mole)  of 
silicon  tetrachloride  and  10.6  g  (0.067  mole)  of  2,4-dimethylselenophene  (b.p.  159-160*  at  750  mm,  n^D  1.5502, 
d**4  1.3664)  [12]  in  the  presence  of  10.4  g  (0.04  mole)  of  anhydrous  stannic  chloride  there  was  obtained  7.2  g 
(47.5*7))  of  the  ketone. 

B.p.  120 -121* (10  mm),  n“D  1.5617,  d“4  1.2877,  MRp  57.75.  CioHi40SeF2.  Calculated:  55.87. 

Found  *7o:  C  52.53,  52.51;  H  6.29,  6.32;  Se  33.95,  33.98.  CioHi40Se.  Calculated  *7o:  C  52.41; 

H  6.16;  Se  34.45. 

2,4-Dinitrophenylhydrazone  of  3,5-dimethyl-2-isobutyroselenophene  -  crystals  of  dark  red  color:  m.p. 

175-176"  (from  a  mixture  of  ethyl  acetate  and  alcohol).  Yield:  62*7o. 

Found  *7):  Se  19.15,  19.11.  Ci6Hig04N4Se.  Calculated  *7o:  Se  19.29. 

2.  Cyanoethylation  of  ketones  of  selenophene  series.  I',!',!’ -Tris-(cyanoethyl)-2-acetoselenophene. 

Into  a  four  necked  flask  with  a  stirrer,  a  dropping  funnel,  a  thermometer  and  a  reflux  condenser  we  placed  a 
solution  of  1.73  g  (0.01  mole)  of  2-acetoselenophene  in  5  ml  of  anhydrous  tert  -butyl  alcohol  and  to  this  was 
added  0.6  ml  of  a  saturated  alcoholic  solution  of  potassium  hydroxide.  Then,  over  a  5  minute  period  3  g 
(0.55  mole)  of  acrylonitrile  was  added  dropwise,  whereupon  the  mixture  warmed  up  to  40-60*.  After  com¬ 
pletion  of  the  reaction,  the  mixture  was  stirred  for  two  hours  at  room  temperature  and  was  then  acidified  with 
2N  hydrochloric  acid.  The  color  of  the  solution  changed  from  dark  cherry  red  to  yellow  and  crystals  of  the 
tricyanoethyl  derivative  of  2-acetoselenophene  precipitated;  m.p.  138-139*  (from  isobutyl  alcohol).  Yield: 

3.3  g  (quantitative). 

Found  *7):  C  54.63,  54.80:  H  4.71,  4.74.  CigHigONgSe.  Calculated  *7o:  C  54.22;  H  4.55. 

•The  constants  of  3-methylselenophene  are  cited  after  distillation  through  a  column  with  effectiveness  of  18 
theoretical  plates. 
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1* ,  1’  -Pi - (cy anoethyl ) -2-propioselenophene.  From  0.6  g  (0.003  mole)  of  2-propioselenophene  (b.p.  110- 
111*  at  10  mm,  n^’D  1.6848)  [6]  and  1.2  g  (0.023  mole)  of  acrylonitrile,  in  the  presence  of  0.25  ml  of  saturated 
alcoholic  solution  of  potassium  hydroxide,  there  was  obtained  0.9  g  (quantitative  yield)  of  the  dicyanoethyl  deriv¬ 
ative  of  2-propioselenophene;  m.p.  91-91,5*  (from  dilute  alcohol). 

Found  <70:  0  53.42,  53.40;  H  5.09,  4.95;  Se  26.43,  26.30.  CisH^ONaSe.  Calculated*^:  C  63.25; 

H  4.80;  Se  26.84. 

r -Methyl-1’ -cyanoethyl-2-propioselenophene.  From  15  g  (0.075  mole)  of  2-isobutyroselenophene,  15  g 
(0.28  mole)  of  acrylonitrile,  in  the  presence  of  5  ml  of  saturated  alcoholic  solution  of  potassium  hydroxide,  there 
was  obtained  19  g  (quantitative  yield)  of  monocyanoethyl  derivative  of  2-isobutyroselenophene;  m.p.  93-93.5* 
(from  dilute  alcohol). 

Found  *70:  C  62.12,  52.00;  H  4.50,  4.41.  CuHuONSe.  Calculated  <^oi  C  61.97;  H  6.12. 

3- Methyl -l*,r  -tris-(cyanoethyl)-2-acetoselenophene.  From  2.6  g  (0.014  mole)  of  3-methyl-2-aceto- 
selenophene  (b.p.  119-120*  at  20  mm,  n^D  1.5927)  [1],  5  g(0.09  mole)  acrylonitrile  and  0.8  ml  of  saturated 
alcoholic  solution  of  potassium  hydroxide  there  was  obtained  4.2  g  of  an  oily  reaction  product  which  decomposed 
during  attempted  distillation  in  vacuum  and  evolved  selenium;  owing  to  this,  it  was  subjected  to  hydrolysis  (see 
below)  in  the  crude  form. 

3.  Preparation  of  6  -0x0  acids  of  the  selenophene  series  by  hydrolysis  of  cyanoethylated  2-acylselenophenes. 
I’l’l' -Tris-(carboxyethyl)-2-acetoselenophene.  Into  a  round  bottomed  flask  with  a  reflux  condenser  there  was 
placed  0.78  g  (0.002  mole)  of  l’,l’,l' -tris-(cyanoethyl)-2-acetoselenophene  and  0.6  g  (0.015  mole)  of  sodium 
hydroxide  in  7  ml  of  water.  The  mixture  was  refluxed  for  eight  hours  whereupon  a  partial  destruction  of  the 
selenophene  ring  occurred  (formation  of  selenium).  After  cooling  the  mixture  it  was  neutralized  with  2N 
hydrochloric  acid  and  the  preicipitated  0x0  aicd  was  filtered  off;  m.p.  165-165.5*  (from  water).  Yield;  0.48  g 
(52.5<7o). 

Found  C  46.22,  46.42;  H  5.04,  5.12.  M  392.2,  391.4  by  titration  with  sodium  hydroxide.  CisHyOTSe. 

Calculated  ^o:  C  46.28;  H  4.66;  M  389.2. 

r,r -Bis-(carboxyethyl)-2-propioselenophene.  From  1  g  (0.003  mole)  of  IT -bis-(cyanoethyl)-2-pro- 
pioselenophene  by  boiling  with  0.5  g  (0.012  mole)  of  sodium  hydroxide  in  15  ml  of  water  there  was  obtained 
0.9  g  (78*70)  of  the  0x0  acid;  m.p.  130 -131®  (from  water). 

Found  *7o:  C  47,03,  46.96;  H  4.98,  4.82;  Se  23.71,  23.93.  M  332.9,  332.4.  CuHigOsSe.  Calculated  *7o: 

C  47.13;  H4.84;  Se  23.84;  M  3.31.2. 

1’  -Methyl-1’  -carboxyethyl-2-propioselenophene.  From  2.54  g  (0.01  mole)  of  1’  -methyl-1’  -cyanoethyl- 
2-propioselenophene  by  refluxing  with  0.9  g  (0.022  mole)  of  sodium  hydroxide  in  30  ml  of  water  there  was 
obtained  1.5  g  (53*70)  of  the  0x0  acid  with  m.p.  83.5-84*  (from  water). 

Found  <7o:  C  48.33,  48.33;  H  5.25,  5.38;  M  272.2,  272.4.  CuHwOsSe.  Calculated  *7o:  C  48.35; 

H  5,17;  M  273.2. 

3-Methyl-i;i;i'-tris-(carboxyethyl)-2-acetoselenophene.  From  1.1  g  (0.033  mole)  of  crude  3-methyl- 
r,r,l’ -tris-(cyanoethyl)-2-acetoselenophene  by  refluxing  with  0.6  g  (0.015  mole)  of  sodium  hydroxide  in  15  ml 
of  water  there  was  obtained  0.25  g  (18.5<7o)  of  the  0x0  acid;  m.p.  179-180*  (from  water). 

Found  *70:  47.53,  47.37;  H  5.24,  5.24.  CieHjoOTSe.  Calculated  <7o:  C  47.67;  H  5.00. 

3,3-Dimethyl-2-(2’ -selenienyl)-6-piperidone.  Into  a  round  bottomed  flask  there  was  placed  3.8  g 
(0.015  mole)  of  1’ -methyl -1’ -cyanoethyl-2-propioselenophene,  3.4  g  (0.075  mole)  of  anhydrous  formic  acid 
and  5.1  g  (0.075  mole)  of  sodium  formate.  The  mixture  was  refluxed  for  40  hours,  treated  with  7.8  g  (0.15  mole) 
of  formic  acid  and  refluxed  for  30  hours  longer.  After  cooling,  the  mixture  was  diluted  with  50  ml  of  water, 
made  strongly  alkaline,  the  resulting  colorless  crystals  were  separated  and  after  washing  with  water,  were  dried; 
m.p.  159-160*  (from  ligroine).  Yield:  2.6  g  (68.5*7o). 

Found  *7o:  C  51.90,  61.95;  H  5.95,  5.99;  Se  30.69,  30.62.  CnHijONSe.  Calculated  <7o:  C  51.57; 

H  6.90;  Se  30.82. 
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SUMMARY 


1.  Cyanoethylation  of  2-acylselenophenes  which  do  not  have  any  alkyl  radicals  in  3-position  proceeds 
quantitatively  under  the  action  of  acrylonitrile  in  the  presence  of  alcoholic  alkali. 

In  this  manner  there  were  prepared  for  the  first  time  the  6  -oxo  nitriles  of  the  selenophene  series: 
tris-(cyanoethyl)-2-aceto8elenophene,  r,l'-bis-(cyanoethyl)-2-propioselenophene  and  1' -methyl-1' -cyanoethyl- 
2  -propioselenophene . 

2.  Cyanoethylation  of  3-methyl-2-acylselenophenes  failed  to  occur,  apparently  owing  to  steric  hindrance, 
and  only  in  the  case  of  3-methyl-2-acetoselenophene  did  the  reaction  take  place  but  in  a  low  yield,  forming  3- 
methyl  -1’ ,  1' ,  1’  -tris  -  ( cy  anoethyl )  -2  -acetoselenophene . 

3.  By  alkaline  hydrolysis  of  6  -oxo  acids  of  this  series:  r,l',l’ -tris-(carboxyethyl)-2-acetoselenophene, 
l',l’-bis-(carboxyethyl)-2-propioselenophene,  1' -methyl-l* -carboxyethyl-2-propioselenophene  and  3-methyl- 
1'  ,1' ,  I  -tris  -  (  carboxy  ethyl )  -2  -  acetoselenophene . 

4.  Reduction  of  1’ -methyl-l* -cyanoethyl-2-propioselenophene  with  formic  acid  resulted  in  the  formation 
of  the  previously  undescribed  3,3-dimethyl-2-(2' -selenienyl)-6-piperidone. 

5.  It  was  shown,  by  the  examples  of  preparation  of  2-isobutyroselenophene,  3-methyl-2-isobutyroseleno- 
phene,  3,5-dimethyl-2-isobutyroselenophene  and  3,4-dimethyl-2-isobutyroselenophene,  that  silicoanhydrides  of 
saturated  monobasic  organic  acids  are  convenient  acylating  agents  for  the  selenophene  nucleus  and  for  prepara¬ 
tion  of  ketones  with  branched  radicals. 
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CHEMISTRY  OF  SELENOPHENE 


XIV.  REACTIONS  OF  SELENOPHENE-2-ALDEHYDE 

lu.  K.  lur'ev  and  N.  N.  Mezentsova 


It  was  shown  In  our  previous  papers  [1-3]  that  selenophene-2-aldehyde  possesses  many  reactions  which  are 
characteristic  for  aldehydes  having  an  aromatic  character.  In  the  present  work,  continuing  the  study  of  reactions 
of  selenophene-2-aldehyde,  we  subjected  the  latter  to  the  Hantzsch  reactionand  obtained  the  diethyl  ester  of 
2,6-dlmethyl-4-(2’ -selenienyl)-l,4-dlhydropyridlne-3,6-dicarboxyllc  acid  by  condensation  with  acetoacetlc 
ester  and  ammonia. 


\Se/ 


-GHO 


Condensation  of  selenophene-2-aldehyde  with  barbituric  acid,  with  malonic  acid  and  with  malononitrile 
led,  respectively,  to  2-selenylidene-barbituric  acid,  2-selenylidenemaionic  acid  and  2-selenylidenemalononitrile. 


GO— NH 

/  \ 

.  GH=G  GO 

^Se/  \  / 

GO— NH 


CO-NH 
/  \ 

CH,  CO 

\:o- 


-GHO 


— GH=d^ 
\ 


GOOH 


Goon 


GN 

GN 


By  decomposition  of  5-(2’ -selenenylidene)-4-thiazolidone-2-thione,with  alkali  (the  ketone  being  the 
product  of  condensation  of  2-selenophene  aldehyde  with  rhodanine  [2]),  we  obtained  2-thiono-3-(2’ -selenienyl) 
propionic  acid  in  good  yield,  which  was  transformed  into  2-oximino-3-(2' -selenienyl)-propionic  acid  by  the 
action  of  hydroxylamine. 
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NaOH 


I— CH=G - C=0 


I  I 


NH,OH 


NH 


— GHoC-GOOH 

II 

S 


— GHj— G— GOOH 

liloH 


V 


The  oxime  of  selenophene-2-aldehyde  served  as  the  starting  material  for  the  preparation  of  2-selenenyl- 
amine  through  the  step  of  formation  of  2-selenienylnitrile  with  its  subsequent  reduction  with  lithium  aluminum 
hydride. 


2 


2-Selenenylamine  readily  entered  a  condensation  with  aldehydes  -  with  selenophene-2-aldehyde  and 
salicylaldehyde  —  forming  N-(2' -seienenylidene)-2-selenenylamino  and,  respectively,  N-salicylidene-(2’ - 
selenenyl) -amine,  while  the  latter  yielded  an  inner  complex  compound  of  Cu'*^  under  the  action  of  copper 
acetate. 


I  “ 

\se/ 


NH.OH 


— GHO 


(CH,C0),0| 


— GH=NOH 


LIAIH, 


I— G=N 


'^Se^ 


GHjN 


I 


(C,H,Se)CHO 


— GH=N— GIIo— >  / 

— GH,— N=GII— I 


HOC,H,CHO 


— GH2NH2 


CuCCHaCOO), 


I 

Ofl 


// 

^GH=N'''  •N=GfK 
— CH-  CHo— 


The  ultraviolet  absorption  spectrum  of  N-salicylidene-(2'-selenenyl)-amine,  taken  in  chloroform  (Fig.  1) 
has  two  maxima  of  absorption  (Xj255  m/i  and  niM  )5  the  absorption  spectrum  of  the  copper  complex 

(Fig.  2)  has  three  maxima  (X.i257  m  p,  m  p  Xs  370  m/i )  and  a  plateau  in  the  region  of  550  m  /1-625  m/i, 

characteristic  for  this  type  of  inner  complex  compounds  of  cupric  ion. 

EXPERIMENTAL 

Diethyl  ester  of  2,6-dimethyl-4-(2' -selenienyl)-l,4-dihydropyridine-3,5-dicarboxylic  acid.  A  mixture  of 
7  g  (0.044  mole)  of  selenophene-2-aldehyde,  12.7  g  (0.096  mole)  of  acetoacetic  ester  and  5.5  ml  of  20*70  solu¬ 
tion  of  ammonia  was  heated  for  one  hour  on  a  steam  bath.  There  was  obtained  10.9  g  (65%)  of  the  ester  with 
m.p.  165-166*  (from  alcohol). 

Found  %:  0  53.69,53.66;  H  6.84,  5.78;  N  4.14,  4.08.  Ci7H2i04NSe.  Calculated  %:  0  63.40; 

H  5.54;  N  3.66. 

2-Selenenylidenebarbituric  acid.  To  4.5  g  (0.035  mole)  of  barbituric  acid  in  10  ml  of  water  we  added  5  g 
(0.031  mole)  of  selenophene-2 -aldehyde  and  the  mixture  was  shaken  for  one  hour.  Then,  80  g  of  sodium  chloride 
was  added,  the  mixture  was  shaken  for  30  minutes  longer  and  set  aside  for  24  hours.  The  precipitate  was  filtered 
off,  washed  with  ice  water  and  with  ether.  There  was  obtained  8  g  (85%)  of  the  acid  with  m.p.  309-310*  (with 
decomposition). 


3072 


Found  <7o:  C  39.97,  39.94:  H  2.34,  2.46;  N  10.17,  10.21.  CjHsOsNjSe.  Calculated  <7o:  C  40.15; 

H  2.23;  N  10.37. 

2-Selenenylidenemalonic  acid.  A  solution  of  6.5  g  of  selenophene-2-aldehyde  (0.041  mole)  and  9  g 
(0.086  mole)  of  malonic  acid  in  50  ml  of  anhydrous  alcohol  was  saturated  with  dry  ammonia,  whereby  a  volumin¬ 
ous  precipitate  was  formed.  The  mixture  was  heated  for  four  hours  on  a  water  bath  until  the  precipitate  dissolved, 
was  then  cooled,  poured  into  100  ml  of  water  and  by  addition  to  it  of  concentrated  hydrochloric  acid  the  above 
acid  was  separated  from  it;  the  acid  had  m.p.  229-230*  (from  water).  Yield:  9  g  (88.57o). 

Found  <7o:  C  39.41,  39.44:  H  2.38,  2.42.  C,H604Se.  Calculated  <7o:  C  39.20;  H  2.38. 

2-Selenenylidenemalononitrile.  To  11  g  (  0.07  mole)  of  selenophene-2-aldehyde  in  15  ml  of  anhydrous 
alcohol  there  was  added  5  g  (0.075  mole)  of  malononitrile  (m.p.  29")  and  the  mixture  was  heated  at  reflux  on 
a  water  bath,  treated  with  3-4  drops  of  anhydrous  pyridine  and  refluxed  for  15-20  minutes  longer.  The  resulting 
precipitate  was  separated  and  washed  with  alcohol;  m.p.  91-92" (from  alcohol).  Yield;  llg(78‘7o). 

Found  <7o:  C  46.43,  46.23;  H  2.12,  2.10;  N  13.77,  13.87.  C,H4N2Se.  Calculated  <^o:  C  46.39; 

H  1.94;  N  13.52. 

2-Thiono-3-(2’ -selenienyl)-propionic  acid.  A  mixture  of  13  g  (0.047  mole)  of  5-(2’ -selenenylidene)-4- 
thiazolidone-4-thione  (m.p.  234")  [2]  and  55  ml  of  15%  solution  of  sodium  hydroxide  was  heated  for  30  minutes 
on  a  water  bath  and  cooled:  the  resulting  acid  was  isolated  by  addition  of  10%  hydrochloric  acid;  m.p.  118-120* 
(with  decomposition).  Yield:  10.9  g  (94%). 

Found  %:  36.04,  36.11;  H  2.73,  2.72.  CyHcOjSSe.  Calculated  %:  C  36.07;  H  2.59. 

2-Oximino-3-(2' -selenienyl)-propionic  acid.  To  a  solution  of  sodium  ethoxide  (0.64  g  of  sodium  in 
18.5  ml  of  alcohol)  we  added  1.8  g  (0.025  mole)  of  hydroxylamine  hydrochloride;  the  solution  was  filtered, 
to  the  filtrate  was  added  2  g  (0.009  mole)  of  2-thiono-3-(2’ -selenienyl)-propionic  acid  and  the  mixture  was 
heated  on  a  steam  bath  for  30  minutes.  After  distillation  of  the  alcohol  in  vacuum,  the  residue  was  taken  up 
in  5  ml  of  5%  sodium  hydroxide  solution,  the  solution  was  filtered,  to  the  filtrate  there  was  added  10  ml  of 
ether  and  the  resulting  acid  was  liberated  by  addition  of  10%  hydrochloric  acid.  The  ethereal  layer  was  separated 
and  the  aqueous  layer  was  extracted  with  ether.  The  combined  ethereal  extracts  were  dried  over  anhydrous 
sodium  sulfate.  After  the  distillation  of  ether,  the  residue  was  recrystallized  from  toluene;  m.p.  139-140*. 

Yield:  1  g  (50%). 

Found  %:  C  36.55,  36.50;  H  3.24,  3.16;  N  5.55,  5.66.  CyHyOsNSe.  Calculated  %;  C  36.22;  H  3.04; 

N  6.03. 

Oxime  of  selenophene-2-aldehyde.  To  8  g(0.05  mole)  of  selenophene-2-aldehyde  in  80  ml  of  alcohol 
we  added  a  solution  of  9.5  g  (0.13  mole)  of  hydroxylamine  hydrochloride  and  8  g  of  potassium  carbonate  in  28  ml 
of  water.  The  mixture  was  refluxed  for  one  hour  and  set  aside  for  24  hours.  After  evaporation  to  one  third  of 
original  volume,  there  was  added  to  the  residue  an  equal  volume  of  water  and  the  separated  crystals  were  filtered 
off;  m.p.  133-133.5"  (from  aqueous  alcohol).  Yield:  8.2  g  (93.5%). 

Found  %:  N  7.75,  7.81.  CsHjONSe.  Calculated  %:  N  8.04. 

2-Selenienylnitrile.  To  8.8  g  (0.05  mole)  of  oxime  of  selenophene-2-aldehyde  we  added  0.7  g  of 
anhydrous  sodium  acetate  and  9  ml  of  acetic  anhydride.  After  initially  violent  boil-up,  the  mixture  was  refluxed 
for  40  minutes  and  after  addition  of  15  ml  of  water  was  refluxed  for  additional  2-3  minutes.  It  was  then  cooled, 
saturated  with  potassium  carbonate  and  extracted  with  ether.  The  ethereal  extract  was  dried  over  anhydrous 
sodium  sulfate.  After  distillation  of  the  ether,  the  residue  was  vacuum  distilled.  Yield:  6.9  g(88%). 

B.p.  100-101" (12  mm),  n^D  1.6120,  d“4  1.6506,  MRp  32.66.  CgHaNSeFj.  Calculated;  32.61. 

Found  %:  C  38.73,  38.76;  H  2.25,  2.15;  N  8.76,  8.90.  CsHjNSe.  Calculated  %:  C  38.48;  H  1.93; 

N  8.97. 

2-Selenenylamine.  To  an  ethereal  solution  of  lithium  aluminum  hydride  (prepared  from  21  g  of  aluminum 
bromide  and  2.6  g  of  lithium  hydride)  we  added  a  solution  of  11.3  g(0.07  mole)  of  2-selenienylnitrile  in  100  ml 
of  absolute  ether.  The  mixture  was  heated  for  one  hour  on  a  water  bath,  after  which  there  was  added  100  ml  of 
water  and  200  ml  of  20%  solution  of  potassium  tartrate.  The  ethereal  layer  was  separated,  the  aqueous  layer 


3073 


LITERATURE  CITED 


[1]  lu.  K.  lur’ev  and  N.  N.  Mezentsova,  J.  Gen.  Chem.  27,  179  (1957).* 

[2]  lu.  K.  lur’ev,  N.  N.  Mezentsova  and  T.  A.  Balashova,  J.  Gen.  Chem.  27,  2536(1957).* 

[3]  lu.  K.  lur’ev,  N.  N.  Mezentsova  and  V.  E.  Vas’kovskii,  J.  Gen.  Chem.  27,  3155  (1957).* 

State  University,  Moscow  Received  September  30,  1957. 


•Original  Russian  pagination.  See  C.  B,  Translation. 


3075 


CATALYIIC  HYDROGENATION  OF  VINYLETH YLENE  OXIDES 
I.  HYDROGENATION  OF  BUTADIENE  OXIDE* 

M.  A.  Aizlkovich,  I.  A.  Maretina  and  A.  A.  Petrov 


In  our  previous  studies  we  showed  the  dependence  existing  between  the  order  of  addition  of  various  sub¬ 
stances  to  organic  a -oxides,  their  structures  and  the  acid -base  properties  of  the  reagents  or  catalysts  [1].  It  was 
of  interest  to  continue  these  studies  in  the  direction  of  investigation  of  the  order  of  addition  of  hydrogen  to  a- 
oxides. 


Time  (in  minutes) 

Fig.  1.  Rate  of  hydrogenation  of  butadiene  oxide 
on  various  catalysts,  a)  0.5836  g  of  oxide,  40  ml 
of  methyl  alcohol,  0.2  g  of  Pt-black  (763.5  mm, 
15.5*);  b)  0.5702  g  of  oxide,  30  ml  of  methyl 
alcohol,  Raney  nickel  (753  mm,  23*);  c)  0.5948  g 
of  oxide,  10  ml  of  methyl  alcohol,  15  ml  of  colloidal 
Pd(Pd/CaCO,j  763  mm,  14*);  d)  0.8563  g  of 
oxide,  25  ml  of  ethyl  alcohol,  0.1  g  of  Pd/CaCO^ 

(750  mm,  16*). 


The  literature  data  on  this  problem  are  not 
numerous.  To  a  greater  or  lesser  degree  the  hydro¬ 
genation  of  a-oxides  of  ethylene,  propylene,  decyl- 
ene,  butadiene,  methylcyclohexenes,  as  well  as 
some  aryl -substituted  oxides  and  oxides  containing 
other  functional  groups  (carbonyl,  carboxyl  and 
others)  have  been  studied  [2-6]. 

One  may  conclude  from  the  data  on  hydrogen¬ 
ation  of  oxides  of  olefins  that  the  addition  of  hydro¬ 
gen,  at  the  moment  of  its  liberation  (in  alkaline 
medium)  or  from  the  action  of  lithium  aluminum 
hydride,  occurs  predominantly  in  accord  with 
V.  V.  Markovnikov' s  rule.  In  the  latter  case,  the 
relative  yields  of  the  two  isomeric  alcohols  de¬ 
pend  on  the  concentration  of  lithium  aluminum 
hydride.  Conversely,  in  the  catalytic  hydrogena¬ 
tion  the  addition  of  hydrogen  to  oxides  proceeds 
predominantly  contrary  to  the  V.  V.  Markovnikov 
rule. 

The  greatest  interest  lies  in  the  hydrogenation 
of  a-oxides  of  the  type  of  vinylethylene  oxide,  since 
one  may  expect  in  this  case  the  formation  of  products 
of  addition  in  1,4 -positions.  The  conjugation  between 
the  double  and  the  oxide  bonds  has  been  observed  more 
than  once,  as  for  example  in  the  reactions  with  hydro¬ 
gen  halides  [7]  and  organomagnesium  compounds  [1]. 


In  the  present  paper  there  are  described  the  results  of  experiments  on  catalytic  hydrogenation  of  butadiene 
oxide  over  palladium,  platinum  and  Raney  nickel. 

The  majority  of  the  experiments  were  run  by  us  in  methyl  or  ethyl  alcohols  with  the  use  of  palladium 
deposited  on  calcium  carbonate  as  the  catalyst.  We  were  interested  in  the  relative  reactivity  of  the  double  bond 
and  of  the  oxide  ring,  in  the  order  of  addition  of  hydrogen  to  the  oxide  ting,  and  finally,  in  the  possibility  of 
conjugation  between  the  double  bond  and  the  oxide  bond. 

•Studies  in  the  field  of  chemistry  of  organic  oxides.  XV. 
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a 


Am 't  of  hydrogen  absorbed  (in  moles) 

Fig.  2.  Relative  rate  of  hydrogenation  of  double 
(a)  and  oxide  (b  —  experimental,  c  —  calculated) 
bonds  of  butadiene  oxide  on  Pd/CaCOj. 


The  character  of  the  curve  of  the  rate  of  hydrogen¬ 
ation  of  butadiene  oxide  depends  on  the  nature  of  the 
catalyst.  The  data  which  characterize  this  dependence 
are  shown  in  Figure  1.  With  platinum  black  and  palladium 
on  calcium  carbonate  there  occurs  a  sharp  break  (see  the 
jump)  in  the  hydrogenation  rate.  On  the  remaining 
catalysts  the  rate  of  hydrogenation  drops  uniformly.  In 
hydrogenation  with  palladium  on  calcium  carbonate  the 
area  of  the  constant  rate  of  reaction  increases  with  in¬ 
creasing  alnount  of  the  catalyst.  The  appearance  of  a 
break  in  the  curve  of  hydrogenation  rate  is  evidently 
connected  with  the  temporary  partial  poisoning  of  the 
catalyst. 

The  degree  of  hydrogenation  of  butadiene  oxide 
also  depends  on  the  nature  of  the  catalyst.  In  hydrogena¬ 
tion  over  platinum  black  in  alcoholic  medium  there  is 
absorbed  2.22  moles  of  hydrogen,  while  on  Raney  nickel 
the  amount  of  absorbed  hydrogen  is  2.0  moles,  and  over 
palladium  it  is  about  1.75  moles  of  hydrogen  per  one 
mole  of  the  oxide. 


Then,  in  the  various  stages  of  the  hydrogenation  process  we  determined  the  contents  of  unsaturated  com¬ 
pounds  in  the  reaction  mixture  (by  the  bromide -bromate  method)  as  well  as  that  of  the  oxides  (Kerckow  method 
[8]).  The  study  was  made  over  palladium  on  calcium  carbonate  by  the  technique  of  sample  selection.  The 
blank  experiments  for  the  control  were  set  up  by  running  the  reaction  to  some  definite  stage.  Data  obtained  by 
these  two  methods  agreed  comparatively  well.  The  amount  of  hydrogen  consumed  in  the  hydrogenation  of  the 
oxide  ring  was  also  calculated  by  the  difference  between  the  amount  of  absorbed  hydrogen  and  the  amount  of 
hydrogen  utilized  for  hydrogenation  of  the  double  bonds.  This  calculation  was  necessary  since  the  determination 
of  unreacted  oxides  is  not  distinguished  by  high  accuracy.  It  is  evident  from  Figure  2  that  until  the  addition  of 
one  mole  of  hydrogen  the  experimental  and  the  calculated  values  on  the  determination  of  the  oxide  ring  coincide 
with  each  other  well.  Later  there  are  observed  the  ever  increasing  divergences;  the  oxide  is  consumed  more 
rapidly  than  the  rate  of  hydrogen  addition.  This  clearly  indicates  the  existence  of  side  reactions.  Such  a  process 
may  be  exemplified  by  the  isomerization  of  the  oxide  into  the  corresponding  aldehyde,  especially  enhanced  at 
the  final  stages  of  the  hydrogenation. 

A  comparison  of  the  rate  of  hydrogenation  curves  for  the  oxide  ring  and  for  the  double  bond  clearly  shows 
that  no  strict  selectivity  exists  in  this  case;  however,  the  oxide  ring  is  hydrogenated  more  rapidly  than  is  the 
double  bond. 


We  set  up  two  experiments  with  larger  samples  of  the  oxide  in  order  to  study  the  final  and  the  intermediate 
hydrogenation  products  of  butadiene  oxide:  in  the  first  experiment  the  hydrogenation  was  run  to  completion  (1.75 
moles  of  hydrogen  added  per  mole  of  the  oxide),  while  in  the  second  experiment  only  one  mole  of  hydrogen  was 
added  per  mole  of  the  oxide. 

We  obtained  primary  butyl  alcohol  from  the  complete  hydrogenation  of  butadiene  oxide.  Some  butyraldehyde 
was  present  in  addition  in  the  reaction  mixture  as  determined  by  formation  of  the  2,4-dinitrophenylhydrazone. 

We  failed  to  detect  any  secondary  butyl  alcohol  by  working  with  relatively  small  samples. 

Thus  we  established  that  the  oxide  bond  is  predominantly  cleaved  at  the  secondary  carbon  atom. 

Mainly  crotyl  alcohol,  containing  some  alkyl  carbinol  and  primary  butyl  alcohol,  was  obtained  in  the 
second  experiment.  The  reaction  mixture  also  contained  an  unsaturated  aldehyde,  evidently  crotonaldehyde 
(as  determined  by  formation  of  the  2,4-dinitrophenylhydrazone). 

We  determined  the  structures  of  the  resulting  alcohols  by  means  of  their  physical  constants  and  infrared 
spectra.  One  finds  a  considerable  difference  in  the  position  of  frequencies  which  correspond  to  the  double  bond 
in  the  infrared  spectra  of  crotyl  alcohol  and  allyl  carbinol  (Table  2).  In  the  spectra  of  the  hydrogenation  products 
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we  found  frequencies  which  corresponded  to  both  alcohols,  but  the  frequencies  of  crotyl  alcohol  were  more 
prominent. 

Thus,  the  addition  of  hydrogen  during  the  hydrogenation  of  butadiene  oxide  occurs  predominantly  at  the 
1,4-positions  of  the  oxide  and  the  double  bond.  It  should  be  noted  that  during  hydrogenation  of  this  oxide  with 
lithium  aluminum  hydride  the  1,4-addition  of  hydrogen  is  not  observed. 

The  regularities  in  the  reaction  of  butadiene  oxide  with  hydrogen  which  are  described  in  this  paper  can  be 
connected  most  readily  with  the  previously  obtained  data  on  the  effect  of  the  acid -base  properties  of  reagents 
on  the  order  of  addition  to  oxides,  if  one  supposes  that  in  the  catalytic  hydrogenation  reaction  the  oxides  react 
in  the  form  of  oxonium  compounds  formed  by  the  protons  or  by  adsorption  of  the  oxide  ring  on  the  catalyst. 
Thus,  for  example,  starting  with  the  first  supposition,  the  mechanism  of  hydrogenation  of  butadiene  oxide  at  the 
oxide  ring  may  be  shown  in  the  following  form; 


CH,  =  CH-CH-  CH, 


1";5 


V 

CH,  =  CH-CH.-CH, 

I 

H 


The  supposition  that  hydrogenation  proceeds  through  an  intermediate  formation  of  aldehydes  appears  to  be 
superfluous  and  improbable.  It  was  shown,  for  example,  that  crotonaldehyde  is  hydrogenated  much  more  slowly 
than  butadiene  oxide  under  the  conditions  used  by  us. 

Thus,  as  the  result  of  the  present  study  it  was  established  that  vinylethylene  oxide  is  hydrogenated  by 
catalytically  excited  hydrogen  fiisi  at  the  oxide  bond  with  the  addition  of  hydrogen  at  1,4-and  1,2-positions 
and  contrary  to  the  V.  V.  Markovnikov  rule.  It  has  been  shown  by  a  new  example  -  hydrogenation  reaction  - 
that  the  oxide  bond  is  conjugated  with  the  double  bond  in  vinylethylene  oxides. 

EXPERIMENTAL 

Butadiene  oxide  used  in  this  work  was  prepared  from  the  chlorohydrin  [7].  The  constants  corresponded  with 
the  literature  data.  Colloidal  palladium  was  prepared  with  the  use  of  gum  arabic  as  the  protective  colloid; 
one  ml  of  the  catalyst  contained  about  0.2  ml  of  palladium.  Palladium  on  calcium  carbonate  was  prepared  by 
the  usual  method  [11];  one  g  of  the  catalyst  contained  about  0.018  g  of  palladium. 

The  method  of  determination  of  the  oxide  bond  was  developed  with  pure  propylene  and  butadiene  oxides 
following  the  recipe  for  ethylene  oxide  [8,  9].  The  method  based  on  the  binding  of  the  oxide  with  hydrobromic 
acid  gave  unsatisfactory  results.  The  best  data  for  the  determination  of  butadiene  oxide  by  the  Kerckow  method 
were  obtained  through  the  use  of  a  double  excess  of  the  absorbent  solution  with  the  reaction  time  of  ten  minutes. 
Increase  of  the  reaction  time  led  to  lowered  results. 


3078 


Following  are  the  results  of  two  determinations  of  butadiene  oxide. 

1)  0.3132  g  of  the  oxide;  added  24.98  ml  of  absorbent  solution.  There  was  used  17.15  ml  of  sodium 
hydroxide  solution  (1.032  N)  for  the  back-titration.  Oxide  found:  91.7%. 

2)  0.3879  g  of  the  oxide:  25.18  ml  of  absorbent  solution.  There  was  used  16.4  ml  of  sodium  hydroxide 
solution.  Oxide  found:  91.2%. 

TABLE  1 


Hydrogenation  of  Butadiene  Oxide 


Amount  of 
hydrogen 
(moles  per 
mole  of 
oxide) 

Amount  reacted  (moles) 

of  the  double 
bond 

1  of  the  oxide  ring 

experimental 

data 

calculated 

0  25 

11.0 

17.8 

14.0 

0.50 

20.8,  22.2 

29.2 

29.2, 27.8 

0.75 

28.6 

47.0 

46.4 

1.00 

40.5, 39.6 

62.1 

59.5,  60.4 

1.25 

58.3 

78.0 

66.7 

1.50 

75.1 

100.0 

74.9 

Note:  Separate  samples  were  hydrogenated:  0.01  mole  of  oxide, 

0.2  g  palladium  on  calcium  carbonate,  25  ml  of  ethyl  alcohol. 

For  obtaining  more  accurate  data  during  the  hydrogenation  of  butadiene  oxide  we  set  up  some  blank  experi¬ 
ments  with  a  mixture  of  the  oxide,  the  alcohol  and  the  catalyst.  On  the  basis  of  these  results  a  small  conection 
was  applied  for  the  calculation  of  the  amount  of  unreacted  oxide. 

The  determination  of  the  double  bond  in  butadiene  oxide  by  the  bromide-bromate  method  gave  good  results: 
In  several  samples  there  was  found  some  98%  of  the  oxide. 

The  hydrogenation  was  run  in  the  usual  boat  with  a  valve  in  the  S.  V.  Lebedev  apparatus.*  The  oxide  was 
charged  inside  thin-walled  glass  ampules  to  avoid  losses. 

The  conditions  of  the  experiments  on  exhaustive 
hydrogenation  of  the  oxide  are  shown  in  the  correspond¬ 
ing  figure. 

The  results  of  some  experiments  in  the  study  of  the 
relative  rate  of  hydrogenation  of  the  double  bond  and  of 
the  oxide  ring  are  shown  in  Table  1. 

In  the  exhaustive  hydrogenation  of  6.63  g  of 
butadiene  oxide  in  95  ml  of  ethyl  alcohol  in  the  presence 
of  1.91  g  of  palladium  on  calcium  carbonate  there  was 
absorbed  3722  ml  of  hydrogen  (765  mm,  15*)  which 
corresponds  to  about  1.7  moles  per  mole  of  the  oxide. 
Primary  butyl  alcohol,  evidently  with  a  small  admixture 
of  the  crotyl  alcohol,  was  obtained  by  distillation  of  the 
mixture  through  a  Widmer  column;  b.  p.  117-119* ,  d*®4 
0.8201,  n*®D  1.4005,  which  was  close  to  the  literature 
data  [10]. 


•The  authors  express  their  gratitude  to  A.  I.  Lebedeva  for 
the  apparatus  for  hydrogenation  and  for  valuable  advice. 


1)  Mixture  of  hydrogenation  products,  2)  crotyl 
alcohol,  3)  allylcarbinol. 
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Butyraldehyde  was  found  in  the  alcoholic  solution.  It  was  isolated  as  2,4-dinitrophenylhydrazone  with 
m.p.  126*  (from  alcohol)  [10]. 

Found^^i):  N  22.36,  22.54.  CibHu04N4.  Calculated  ‘7o;  N  22.21, 

From  hydrogenation  of  8.1  g  of  butadiene  oxide  in  methyl  alcohol  over  palladium-on-calcium  carbonate 
catalyst  (this  catalyst  was  added  in  two  portions)  in  which  2728  ml  of  hydrogen  had  been  absorbed  (766  mm,  15*), 
which  amount  corresponded  to  1 : 1  molar  ratio  of  the  oxide  and  hydrogen,  we  obtained  4.4  g  of  mixed  alcohols 
with  b.p.  116-122*,  d*4  0.8480,  n*D  1.4205,  after  distillation  through  a  25  cm  Widmer  column.  We  found 
unsaturated  alcohols  in  this  mixture  by  the  bromide -bromate  method.  This  mixture  was  closer  to  crotyl  alcohol 
in  its  physical  constants.  The  residue  after  the  distillation  of  these  alcohols  amounted  to  but  one  gram  and  had 
the  characteristics  of  a  polymer. 

TABLE  2 


Infrared  Transmission  Spectra  (in  fi) 


Hydrogena¬ 
tion  products 
(alcohol 
mixture) 

— 

Crotyl 

alcohol 

Allylcarbi- 

nol 

Remarks 

5.98  c 

5.98 

\  V 

6.09  cp 

— 

6.09 

c 

/  ^c=c 

6.89  o.  c 

6.89  0.  c 

6.92 

o.  c 

7.20  •  cp 

7.20  cp 

7.26 

c;i 

7.47  •  cp 

7.50  *  cp 

7.43 

CJI 

7.63  *  cp 

7.64  *  cp 

— 

8.19  c 

8.19  c 

7.94 

CJI 

— 

— 

8.39 

cp 

— 

— 

8.50 

cp 

I 

8.97  c 

8.98  c 

8.88 

cp 

m 

9.27  c 

9.26  c 

9.51 

0.  c 

^c-o 

— 

— 

9.77 

CJI 

m 

9.97  o.  c 

9.97  0.  c 

10.08 

c 

— 

— 

10.28 

cp 

6'ch  inCH2=CH  — 

m 

10.34  o.  c 

10.34  0.  c 

- 

5'ch  — CH=GH — 

■ 

— 

— 

10.81 

c 

in  CH2=GH— 

11.11  c 

11.11  c 

_ 

11.57  cp 

11.57  cp 

11.48 

cp 

Note;  c,  strong;  cp,  medium;  o.c,  very  strong;  cji  ,  weak. 


An  aldehyde,  which  formed  ap-nitrophenylhydrazonewithm.p.  175-180*  (from  aqueous  alcohol),  was 
found  in  the  alcoholic  part  of  the  distillate;  this  derivative  came  most  closely  to  the  m.p.  of  crotonaldehyde 
p-nitrophenylhydrazone  (184*)  [10]. 

The  data  on  the  infrared  spectra  of  the  hydrogenation  products  and  the  pure  specimens  of  crotyl  alcohol 
and  allyl  carbinol  are  given  in  Table  2  and  Figure  3. 

SUMMARY 

1.  The  rate  and  the  order  of  catalytic  hydrogenation  of  butadiene  oxide  were  studied:  butadiene  oxide 
used  was  l,2-epoxy-3-butene. 

2.  It  was  shown  that  the  oxide  ring  of  this  substance  is  hydrogenated  more  rapidly  than  is  the  double  bond. 

3.  Some  primary  butyl  alcohol  was  obtained  from  the  exhaustive  hydrogenation  of  butadiene  oxide  and  it 
was  thus  established  that  the  opening  of  the  oxide  ring  occurs  predominantly  at  the  secondary  carbon  atom, 
contrary  to  the  V.  V.  Markovnikov  rule. 

4.  It  was  shown  that  the  hydrogen  addition  during  the  hydrogenation  occurs  at  1,4-positions  of  the  con¬ 
jugated  C=  C—  C—  O—  C  system,  with  resulting  formation  of  crotyl  alcohol  as  the  intermediate  product. 

5.  A  supposition  was  made  about  the  intermediate  formation  of  oxonium  compounds  during  the  catalytic 
hydrogenation  of  oxides,  as  the  result  of  which  phenomenon  one  observes  the  addition  of  hydrogen  a  direction 
that  is  contrary  to  the  V.  V.  Markovnikov  rule. 
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CATALYTIC  HYDROGENATION  OF  VINYLETH YLENE  OXIDES 
n.  HYDROGENATION  OF  CHLOROPRENE  OXIDE* 

M.  A.  Aizikovich  and  A.  A.  Petrov 


It  was  shown  in  the  preceding  paper  that  during  catalytic  hydrogenation  of  butadiene  oxide  there  occurs 
the  addition  of  hydrogen  at  both  the  oxide  and  the  double  bonds,  with  the  first  process  having  the  somewhat 
greater  rate  [1],  The  primary  hydrogenation  product  is  predominantly  crotyl  alcohol  (1,4-addition).  It  was 
interesting  to  compare  this  result  with  the  data  on  catalytic  hydrogenation  of  oxides  containing  electronegative 
substituents  at  the  double  bond,  the  reaction  being  run  under  the  same  conditions.  In  the  present  paper  are 
described  the  results  of  some  experiments  on  hydrogenation  of  chloroprene  oxide  (l,2-epoxy-3-chloro-3-butene) 
over  palladium  and  nickel. 

In  the  study  of  the  process  of  hydrogenation  of  chloroprene  oxide  we  were  interested,  as  before,  in  the 
relative  reactivity  of  the  oxide  and  the  double  bonds  as  well  as  that  of  the  halogen,  and  in  the  order  of  the 
f  addition  of  hydrogen  to  the  oxide  ring. 

The  character  of  the  curves  of  the  rate  of  hydrogenation  differs  somewhat  in  this  case  from  that  found 
m  earlier  for  butadiene  oxide  and  depends  also  on  the  nature  of  the  catalyst.  The  data  are  shown  in  Figure  1. 

m  The  curves  of  the  rate  of  hydrogenation  of  chloroprene  oxide  on  colloidal  palladium  and  on  palladium-on- 

«  calcium  carbonate  have  the  same  form.  On  Raney  nickel  one  observes  a  more  rapid  fall  of  the  rate  of  hydrogena¬ 

tion  after  the  addition  of  one  mole  of  hydrogen.  Over  colloidal  palladium  there  is  absorbed  in  all  2.7 -2.8  moles 
of  hydrogen  per  mole  of  the  oxide,  while  over  palladium  on  calcium  carbonate  one  observes  the  complete  hydro¬ 
genation.  In  the  last  case,  the  sharp  drop  of  the  hydrogenation  rate  occurs  considerably  later  than  in  the  case  of 
butadiene  oxide,  specifically  after  absorption  of  over  90^o  of  hydrogen.  The  greater  completeness  of  hydrogena¬ 
tion  of  chloroprene  oxide  is  caused  by  its  lesser  tendency  to  polymerization,  alcoholysis  and  isomerization  under 
the  conditions  of  hydrogenation. 

Chloroprene  oxide  is  hydrogenated  considerably  more  slowly  in  comparison  with  butadiene  oxide.  In  hydro¬ 
genation  over  colloidal  palladium,  the  addition  of  a  large  excess  of  sodium  acetate  leads  to  a  considerable  in¬ 
crease  of  the  rate  of  hydrogenation.  Evidently,  under  these  conditions  one  eliminates  the  poisoning  of  the  catalyst 
by  hydrochloric  acid  formed  during  the  hydrogenation.  In  hydrogenation  over  palladium  on  calcium  carbonate, 
the  hydrochloric  acid  is  bound  by  the  catalyst  support.  In  working  with  small  samples  of  the  oxide,  the  evolving 
carbon  dioxide  dissolves  in  the  alcohol  and  does  not  interfere  with  the  hydrogenation.  This  was  established  for 
the  first  time  in  our  laboratory  for  this  specific  case. 

We  met  in  the  case  of  chloroprene  oxide  a  number  of  considerable  difficulties  in  studying  the  relative 
reactivity  of  the  oxide  and  the  double  bonds.  Here,  both  the  determination  of  the  oxide  bond  and  the  determina¬ 
tion  of  unsaturation  gave  poor  results.  We  judged  the  amount  of  double  bonds  entering  the  reaction  by  the  amount 
of  chloride  ion  formed.  It  was  shown  by  special  experiments  that,  after  the  destruction  of  the  oxide  at  the  various 
stages  of  the  process  of  hydrogenation,  further  hydrogenation  proceeds  in  such  a  manner  that  the  amount  of  the 
resulting  chloride  ion  correspxinds  exactly,  in  equivalents,  to  half  the  amount  of  hydrogen,  in  moles,  that  is  con¬ 
sumed  in  the  hydrogenation.  These  data  can  be  explained  starting  from  the  supposition  that  chlorine  is  replaced 
immediately  after  the  addition  of  hydrogen  to  the  double  bond. 

•Studies  in  the  field  of  chemistry  of  organic  oxides.  XVI. 
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Fig.  1.  Summary  rate  of  hydrogenation 
of  chloroprene  oxide  over  various  catal¬ 
ysts.  1)  0.9762  g  of  the  oxide,  56  ml 
of  methyl  alcohol,  0.99  g  of  Pd/CaCOj 
(777.8  mm,  18");  2)  1.0072  g  of  the 
oxide,  35  ml  of  ethyl  alcohol,  20  ml  of 
colloidal  palladium  (771  mm,  18*); 

3)  1.1618  g  of  the  oxide,  25  ml  of 
methyl  alcohol,  3.6  g  of  sodium  acetate, 
15  ml  of  colloidal  palladium  (764  mm, 
26");  4)  0.9907  g  of  the  oxide,  50  ml 
of  ethyl  alcohol,  3.6  g  of  sodium  ace¬ 
tate,  about  3  g  of  Raney  nickel  (759.5  mm, 
19.5"). 


We  judged  the  amount  of  hydrogen  consumed  for  the 
hydrogenation  of  the  oxide  ring  by  the  difference  between 
the  amount  of  absorbed  hydrogen  and  the  amount  of  hydrogen 
used  for  hydrogenation  of  the  double  bond  and  substitution  of 
chlorine  atoms. 

The  resulting  data  are  shown  in  Figure  2.  These 
show  that  in  the  case  of  chloprene  oxide  there 
takes  place  at  the  beginning  of  the  process  a  predominant 
hydrogenation  of  the  oxide  ring.  In  absorption  of  one  mole 
of  hydrogen  per  one  mole  of  the  oxide,  the  oxide  ring  enters 
the  reaction  by  some  76.5‘yo.  Thus,  chloroprene  oxide  is 
hydrogenated  much  more  selectively  than  is  butadiene  oxide 
evidently  owing  to  the  lesser  reactivity  of  the  double  bond, 
substituted  by  a  halogen,  in  respect  to  the  catalytically 
excited  hydrogen. 

We  set  up  some  experiments  with  larger  samples  of 
chloroprene  oxide  for  determination  of  the  structure  of  hydro¬ 
genation  products. 

We  obtained  normal  butyl  alcohol  by  exhaustive  hydro¬ 
genation.  In  the  experiment  with  the  1 : 1  ratio  of  oxide: hy¬ 
drogen  we  obtained  an  unsaturated  chlorine -containing 
alcohol,  as  the  principal  product.  As  the  result  of  hydrogen¬ 
ation  of  chloroprene  oxide  one  may  expect  the  formation 
of  three  unsaturated  chlorine -containing  alcohols  (I-ni). 

Cfl2=CCI— GII2— CllaOir  Gila— CCl=CiI— CHoOII 

(1)  (ii) 

CH2=Ca-CIIOII-CH3 

(III) 


Am't  of  absorbed  hydrogen  (in  moles) 
Fig.  2.  The  rate  of  hydrogenation  of  oxide 
(a)  and  double  (b)  bonds  in  chloroprene  oxide. 


The  formation  of  alcohol  (III)  in  any  significant 
amounts  was  excluded  since  in  the  exhaustive  hydrogena¬ 
tion  of  chloroprene  oxide  there  was  obtained  only  primary 
butyl  alcohol.  0-Chlorocrotyl  alcohol  (II)  has  been  des¬ 
cribed  in  the  literature  [2].  In  its  physical  constants  the 
product  of  hydrogenation  of  chloroprene  oxide  differed 
somewhat  from  this  alcohol. 

The  composition  of  the  mixture  of  the  alcohols 
obtained  by  us  in  the  hydrogenation  was  established  on  the 
basis  of  their  infrared  spectra  along  with  the  infrared 
spectrum  of  chlorocrotyl  alcohol  (II).  The  latter,  like 
crotyl  alcohol,  has  a  frequency  of  the  double  bond  at  about 
1670  cm"\  while  allylcarbinol  absorbs  at  1640  cm  Evi¬ 
dently  chloroallylcarbinol  (I)  should  absorb  in  the  same 
region  since  it  has  a  singly  substituted  double  bond. 


In  the  infrared  spectrum  of  the  products  of  hydrogenation  of  chloroprene  oxide  there  were  two  frequencies 
of  the  double  bond  at  1669  and  1639  cm”^  with  a  small  difference  in  intensities.  The  first  frequency  undoubtedly 
belonged  to  chlorocrotyl  alcohol  (II),  while  the  second  one  evidently  was  that  of  chloroallylcarbinol  (I).  Thus, 
it  was  established  that  in  hydrogenation  of  chloroprene  oxide  the  addition  of  hydrogen  occurs  at  both  the  oxide 
ring  as  well  as  in  the  1,4-position,  i.  e.,  there  occur  the  simple  and  the  conjugated  addition  of  hydrogen. 
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The  formation  of  any  significant  amount  of  aldehydes  was  not  observed  in  hydrogenation  of  chloroprene 
oxide.  Consequently,  the  experiments  on  hydrogenation  of  chloroprene  oxide  could  not  be  interpreted  starting 
with  the  supposition  of  an  intermediate  formation  of  aldehydes  [1].  Here  the  1,4-addition  of  hydrogen  evidently 
takes  place,  however,  to  a  lesser  degree  than  in  the  case  of  butadiene  oxide,  evidently  owing  to  the  fact  that  the 
chlorine  atom  takes  the  double  bond  to  some  extent  out  of  conjugation  with  the  oxide  ring. 

CH,=CCl-CH— CH,  CH,=C  — CH— CH, 


EXPERIMENTAL 

Chloroprene  oxide  was  obtained  from  the  bromohydrin  by  the  previously  described  method  [3].  The  speci¬ 
men  with  the  following  constants  was  used  for  this  work:  b.p.  61-62* (150  mm),  d**4  1.1652,  n**D  1.4599. 

The  conditions  of  hydrogenation  and  the  methods  of  preparation  of  the  catalysts  were  the  same  as  in  the 
previous  work*  [1].  The  chloride  ion  was  determined  by  titration  with  mercuric  nitrate  or  sodium  hydroxide. 
The  amount  of  hydrogen  utilized  for  hydrogenation  of  the  double  bonds  was  determined  by  the  amount  of  the 
chloride  ion.  The  following  experiments  served  as  the  basis  for  such  a  determination. 


TABLE  1 


Expt. 

Catalyst  | 

Relative 
amount  of 

Am’t  x)fHj 
absorbed 

cliTorid°^  ion 

Remarks 

No. 

catalyst 

'moles) 

(%) 

1 

Colloidal  palladium 

1 

2.70 

95.66 

.  Added  sodium 
\  acetate' 

2 

«• 

1.5 

2.72 

95.11 

1  CHgCOONa 

3 

at 

2.0 

2.82 

— 

_ 

4 

m 

2.5 

2.75 

_ 

_ 

5 

Pd/CaCOg 

— 

3.00 

99.27 

— 

6 

Raney  nickel 

j 

2.80 

To  several  samples  of  the  reaction  mixture  at  various  stages  of  hydrogenation  we  added  2-3  drops  of  sulfuric 
acid  and  the  mixtures  were  set  aside  for  2  weeks.  The  oxide  ring  was  completely  cleaved  under  these  conditions. 
Then  the  mixtures  under  examination  were  precisely  neutralized  by  dilute  solution  of  alkali  and  were  subjected 
to  hydrogenation  in  the  presence  of  colloidal  palladium.  After  the  addition  of  the  predetermined  amount  of 
hydrogen,  the  amount  of  free  hydrogen  chloride  in  the  liquid  was  determined.  Below  are  cited  the  results  of  two 
determinations  from  one  experiment. 

1.  4.188  g  of  chloroprene  oxide,  192  ml  of  alcohol,  60  ml  of  colloidal  palladium.  There  was  added  242  ml 
of  hydrogen  (758.5  mm,  24*).  A  sample  of  10  ml  was  taken.  There  was  added  3  drops  of  sulfuric  acid.  For 
hydrogenation  of  the  mixture  64.4  ml  (0.0027  mole)  of  hydrogen  (755  mm,  18*)  was  utilized.  In  the  liquid  there 
was  found  0.0014  mole  of  hydrogen  chloride. 

2.  In  the  same  experiment  of  hydrogenation  there  was  taken  a  sample  after  the  addition  of  1.55  moles  of 
hydrogen  per  one  mole  of  the  oxide.  There  was  added  35  ml  (0.0015  mole)  of  hydrogen  (761.6  mm,  14*).  There 
was  found  0.0007  mole  of  hydrogen  chloride. 

The  results  of  the  experiments  on  the  determination  of  the  degree  of  hydrogenation  are  shown  in  Table  1 
and  Figure  1.  In  all  experiments  the  amount  of  the  oxide  was  of  the  order  of  1  g,  the  solvent  was  methyl  or  ethyl 
alcohol  (35-60  ml),  the  amount  of  colloidal  palladium  varied  from  10  to  25  ml,  that  of  palladium  on  calcium 
carbonate  was  1  g  (0.025  g  of  Pd),  and  that  of  Raney  nickel  was  about  3  g. 


•  Chloroprene  oxide  and  the  solutions  for  hydrogenation  were  introduced  into  the  boat  by  creation  of  slight 
vacuum  in  the  latter. 
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The  results  of  the  experiments  on  the  study  of  the  relative  rate  of  hydrogenation  of  the  oxide  ring  and  the 
double  bond  are  shown  in  Table  2. 

In  hydrogenation  of  5.12  g  of  chloroprene  oxide  in  30  ml  of  methyl  alcohol  in  the  presence  of  1.14  g  of 
palladium  on  calcium  carbonate  up  to  the  uptake  of  1176  ml  of  hydrogen  (761.8  mm,  19“)  which  corresponded 
to  the  oxide:  hydrogen  ratio  of  1 : 1,  there  was  obtained  2.7  g  (52*70  based  on  hydrogen)  of  unsaturated  chlorine- 
containing  alcohols  with  b.p.  114-116*  (150  mm),  d*®^  1.1110,  n*®D  1.4640. 

Found  Vo!  C  45.53,  45.62;  H  6.67,  6.68;  Cl  32.80;  number  of  active  hydrogens  1.07.  C4H7OCI. 

Calculated  °]o'.  C  45.06;  H  6.62;  Cl  33.29;  active  H  1.0. 

In  exhaustive  hydrogenation  of  7.95  g  of  the  oxide  in  44  ml  of  methyl  alcohol  in  the  presence  of  6  g  of 
palladium  on  calcium  carbonate  there  was  taken  up  4710  ml  of  hydrogen  (753.8  mm,  18.3*)  which  corresponded 
to  2.57  moles  of  hydrogen  per  mole  of  the  oxide. 

In  another  experiment  on  hydrogenation  of  8.11  g  of  the  oxide  in  45  ml  of  methyl  alcohol  in  the  presence 
of  7.6  g  of  palladium  on  calcium  carbonate  there  was  absorbed  4746  ml  of  hydrogen  (760.2  mm,  24.5*)  which 
corresponded  to  2.47  moles  of  hydrogen  per  mole  of  the  oxide. 


TABLE  2 


Colloidal  palladium  (40  ml)* 

Palladium  on  calcium  carbonate 
(0.3-1  g)** 

am ’t  of  H2 

reacted  (in  mole  % 

am 't ,  of 
absorbed  H2 
(moles) 

reacted  (in  mole  Vo) 

absorbed 

:hlorine 

oxide 

chlorine 

oxide 

(moles) 

double  bond) 

ring 

double  bond) 

ring 

0.25 

2.20 

20.60 

0.26 

2.83 

20.34 

0.50 

4.62 

40.76 

0.51 

6.01 

38.98 

1.00 

12.75 

74.50 

1.00 

11.74 

76.52 

1.44 

34.81 

74.38 

1.51 

35.25 

80.50 

1.90 

57.56 

74.88 

1.92 

51.40 

83.20 

2.72  ••• 

95.11 

82.00 

2.51 

76.50 

98.00 

3.00 

99.27 

100.00 

•2.339  g  of  chloroprene  oxide,  117  ml  of  CH3OH:  samples  of  25  ml  taken. 
••Separate  samples  of  0.5-1  g  of  the  oxide  were  hydrogenated  in  40-50  ml 
of  methyl  alcohol. 

•••Separate  sample. 


In  the  process  of  hydrogenation  it  was  necessary  to  stop  the  experiments  and  to  blow  the  system  free  of 
carbon  dioxide  with  hydrogen. 

By  distillation  of  the  alcoholic  solution  of  the  hydrogenation  products  obtained  in  these  two  experiments 
there  was  isolated  4  g  of  primary  butyl  alcohol  (yield  of  42*7®  based  on  hydrogen)  with  b.p.  116-118*,  d**4  0.8185, 
n^®D  1.3989,  which  agreed  with  the  literature  data  [4]. 

In  these  and  other  experiments  tests  were  made  for  the  content  of  aldehydes  in  the  alcoholic  solution. 

The  aldehydes  were  not  found  (test  with  2,4-dinitrophenylhydrazine)  in  amounts  any  greater  than  traces. 

SUMMARY 

1.  The  rate  and  the  order  of  addition  of  catalytically  excited  hydrogen  to  chloroprene  oxide  were  studied. 

2.  It  was  shown  that  chloroprene  oxide  is  hydrogenated  much  more  slowly  than  butadiene  oxide  and  the 
process  is  selective:  the  oxide  ring  adds  hydrogen  with  greater  speed  than  does  the  double  bond. 
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3.  In  partial  hydrogenation  of  chloroprene  oxide  there  was  formed  a  mixture  of  two  chlorobutenyl 
alcohols,  while  in  complete  hydrogenation  normal  butyl  alcohol  was  formed.  Formation  of  aldehydes  was 
not  observed. 

4.  It  was  established  that  the  oxide  ring  is  opened  at  the  side  of  the  secondary  carbon  atom,  while  addition 
of  hydrogen  at  1,4-positions  occurs  to  a  considerable  degree  owing  to  the  conjugation  of  the  oxide  and  the  double 
bonds. 

5.  It  was  shown  that  catalytic  hydrogenation  over  palladium  on  calcium  carbonate  may  serve  as  a  method 
for  quantitative  determination  of  halogen  in  halogen  substituted  oxides. 
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ON  THE  REACTION  OF  DIALKYL  HYDROGEN  PHOSPHITES 
WITH  ALDEHYDES  AND  KETONES 

XVIir.  PHENYL  ESTERS  OF  a-HYDROXYALKYLPHOSPHONIC  ACIDS 

V.  S.  Abramov  and  N.  A.  Semenova 


The  synthesis  of  phenyl  esters  of  various  a-hydroxyalkylphosphonic  acids  by  condensation  of  acid  esters  of 
phosphorous  acid  with  aldehydes  and  ketones,  developed  by  us  [1],  meets  some  difficulties  in  the  preparation  of 
diphenyl  hydrogen  phosphite.  However  it  turned  out  to  be  possible  to  accomplish  these  syntheses  by  another  route. 

A.  E.  Arbuzov  [2]  showed  that  the  action  of  acidified  water  on  complete  esters  of  phosphorous  acid  leads 
to  the  formation  of  the  acidic  esters.  In  developing  this  work  A.  E.  Arbuzov  and  M.  G.lmaev  [3]  studied  the 
hydrolysis  and  transesterification  of  esters  of  phosphorous  acid  and  found  some  general  rules.  Specifically,  in 
hydrolysis  of  phosphites,  the  rate  of  hydrolysis  changes  in  solutions  of  various  substances.  Acetone  retards  the 
hydrolysis  and  yields  esters  of  a-hydroxyisopropylphosphonic  acid. 

The  ease  of  preparation  of  the  phenyl  ester  of  phosphorous  acid  and  its  availability  make  it  possible  to 
use  the  hydrolysis  reaction  for  the  synthesis  of  diphenyl  hydrogen  phosphite,  while  if  the  reaction  of  hydrolysis  is  » 

run  in  the  presence  of  compounds  containing  a  carbonyl  group,  one  can  synthesize  the  phenyl  esters  of 
a-hydroxyalkylphosphonic  acids.  The  reaction  of  formation  of  diphenyl  hydrogen  phosphite  in  this  case  would 
proceed  consecutively  with  the  reaction  of  condensation  with  the  carbonyl  compounds. 

Rv 

O  r)C=:0 

(C6H50)3P  (C6H50)2P<f  :r=zzr  (CeH50)2POH  - - -  (C8H50)2P-g/ 

\n  II  I  \r' 

O  OH 


The  process  of  hydrolysis  with  acidified  water,  as  indicated  by  A.  E.  Arbuzov  [2],  proceeds  vigorously  with 
evolution  of  much  heat  and,  as  one  should  surmise,  has  a  chain  character,  proceeding  by  the  following  scheme: 


(Cl)HO 


H  :P(0R)j  — HO  4-  R-^-P^ 


(OR), 


(R0),P 


+  ROM 


The  resulting  diphenyl  hydrogen  phosphite  reacts  in  tautomeric  form,  in  a  condensation  reaction,  with 
aldehydes  and  ketones,  in  the  presence  of  which  the  condensation  and  hydrolysis  are  being  run: 


(CjHsOJePt^  — (CeHsOj^P-C^” 

H  R  II  I  R 

0  OH 

The  course  of  the  condensation  reaction  becomes  possible  since  the  tautomeric  equilibrium  is  shifted 
toward  the  trivalent  form  owing  to  the  properties  of  the  phenyl  radical.  The  consecutively  running  reactions 
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Phenyl  Esten  of  a-Hydroxyalkylphosphonic  Acids  (G8H50)2P— 
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of  hydrolysis  and  condensation  were  usually  accompanied  by  heat  evolution  with  some  rare  exceptions.  The 
resulting  phenyl  esters  of  a -hydroxy alkylphosphonic  acids  were  isolated  in  most  cases  in  the  crystalline  state 
after  the  removal  of  phenol  formed  during  the  hydrolysis  reaction.  The  esters  of  a-hydroxyalkylphosphonic 
acids  were  purified  by  recrystallization  from  suitable  solvents. 

The  reaction  of  hydrolysis  of  ethyl  ester  of  phosphorous  acid  in  the  presence  of  benzaldehyde  and  cyclo¬ 
hexanone,  under  conditions  analogous  to  those  used  for  the  phenyl  ester,  failed  to  give  esters  of  a-hydroxyalkyl¬ 
phosphonic  acids.  In  this  case  the  esters  of  a-hydroxyalkylphosphonic  acids  are  formed  either  on  addition  of 
sodium  alcoholate  to  the  reaction  mixture  when  the  reaction  proceeds  rapidly  with  evolution  of  much  heat  and 
its  subsequent  transformation  into  a  solidly  crystalline  mass,  or  after  a  very  prolonged  standing  a  period  of 
months.  The  different  course  of  these  reactions  may  evidently  be  explained  by  the  state  of  the  tautomeric 
equilibrium  of  the  two  forms. 

The  phenyl  esters  of  various  a-hydroxyalkylphosphonic  acids  synthesized  by  us  are  shown  in  the  table. 

EXPERIMENTAL 

The  reaction  of  hydrolysis  of  triphenyl  phosphite  with  the  subsequent  condensation  of  the  resulting  diphenyl 
hydrogen  phosphite  with  carbonyl  compounds  was  run  in  the  following  manner.  Into  a  small  flask  there  was 
placed  equimolar  amounts  of  triphenyl  phosphite  and  the  aldehyde  or  ketone.  The  components  of  the  reaction 
were  stirred.  Then  there  was  added  the  calculated  (equimolar)  amount  of  water  and  the  whole  was  again  shaken 
thoroughly.  Usually  the  temperature  of  the  reaction  mixture  rose  by  30-35*  and  only  in  some  cases  was  heating 
required,  as  for  example  in  the  reaction  with  acetophenone.  Then  the  reaction  mixtures  were  kept  at  room 
temperature  or  were  heated  on  a  water  bath  to  complete  the  reaction.  The  reaction  mixture  was  treated  with 
water  to  remove  the  phenol  formed  in  the  hydrolysis  reaction,  after  which  crystallization  of  the  substance  usually 
occurred. 

The  substances  obtained  after  recrystallization  were,  in  most  cases,  well  formed  crystals.  We  failed  to  find 
a  suitable  solvent  for  the  phenyl  ester  of  a-hydroxy-6,6  -dichloroisopropylphosphonic  acid.  Low  yields  of  the 
esters  are  explained  by  large  losses  during  the  removal  of  phenol  and  in  recrystallization. 

We  ran  many  more  reactions  than  are  shown  in  the  table.  The  remaining  products  failed  to  crystallize 
after  a  long  period  of  time  and  remained  as  viscous  oily  liquids,  the  isolation  and  purification  of  which  to  the 
chemically  pure  state  was  difficult. 


SUMMARY 

1.  It  was  shown  that  reactions  of  condensation  of  aldehydes  and  ketones  with  dialkyl  hydrogen  phosphites 
may  proceed  as  conjugated  reactions  simultaneously  with  hydrolysis  of  the  phosphites. 

2.  There  were  prepared  some  phenyl  esters  of  various  a-hydroxyalkylphosphonic  acids. 
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ON  THE  REACTION  OF  A  R  Y  L(  AL  K  Y  L)PHOS  PHINIC  ACIDS 
WITH  ALDEHYDES  AND  KETONES 

XIX.  ESTERS  OF  a-HYDROXYALKYLPHENYLPHOSPHINIC  ACIDS 

V.  S.  Abramov  and  M.  I.  Kashirskii 


It  was  shown  previously  that  dialkyl  hydrogen  phosphites  add  readily  to  the  C  =  0  bond  of  the  carbonyl 
group  of  aldehydes  and  ketones  and  yield  esters  of  a-hydroxyalkylphosphonic  acids  [1],  It  was  of  interest  to 
extend  these  studies  as  well  to  the  acid  esters  of  aryl-  or  alkylphosphinic  acids  and  one  could  suppose  that  these 
would  also  react  readily  with  carbonyl  compounds,  just  like  dialkyl  hydrogen  phosphites.  The  condensation  of 
acid  esters  of  aryl(alkyl)phosphinic  acids  with  aldehydes  and  ketones  should  lead  to  esters  of  a-hydroxyalkylaryl 
(alkyl)phosphinic  acids.  The  reaction  may  be  represented  by  the  following  scheme: 


Ph  ..  R'  ^ 

+  „'>C-=0 
RO^  r"^ 


Ph^  R' 

/P-cC 

RO'^ll  I  R" 
0  OH 


We  studied  the  reaction  of  acid  esters  of  phenylphosphinic  acid  with  aldehydes  and  ketones  and  found  that 
these  reactions  proceed  with  formation  of  esters  of  a-hydroxyalkylphenylphosphinic  acids.  The  reactions  of  acid 
esters  of  phenylphosphinic  acid  with  aldehydes  proceed  with  slight  heat  evolution,  while  the  reactions  with 
ketones  occur  with  a  slight  drop  of  the  temperature.  In  the  latter  case  a  solution  of  the  ketone  with  absorption 
of  heat  evidently  occurs.  The  phenomenon  of  a  drop  in  temperature  in  dissolution  of  various  substances  in 
dialkyl  hydrogen  phosphites  was  observed  by  us  on  many  occasions.  Introduction  of  substances  with  basic  character 
(as  catalysts)  into  the  reaction  mixture,  such  substances  as  sodium  alcoholate  in  alcohol,  affects  the  course  of  the 
reaction  but  little.  Therefore,  the  reaction  of  acid  esters  of  phenylphosphinic  acid  with  aldehydes  and  ketones 
were  nm  without  a  catalyst  after  prolonged  standing  of  the  reaction  mixture  at  room  temperature  or  by  heating 
on  a  water  bath.  The  factor  indicating  the  progress  of  the  reaction  was  the  appearance  and  the  growth  of  crystals 
of  the  resulting  ester  of  a-hydroxyalkylphenylphosphinic  acids.  The  reaction  was  considered  complete  when  the 
entire  reaction  mixture  either  changed  to  crystalline  form  or  the  crystal  growth  stopped.  Esters  of  a-hydroxy¬ 
alkylphenylphosphinic  acids  were  purified  by  recrystallization  from  a  suitable  solvent.  Their  constants  are  shown 
in  the  table. 


After  completion  of  our  work  we  became  aware  of  the  paper  by  R.  Miller  and  co-workers  about  the  addition 
of  dialkylphosphinous  acids  to  aldehydes  and  ketones  [2].  The  addition  reactions  were  run  by  them  in  anhydrous 
alcohol  by  the  action  of  sodium  alcoholate  on  the  reaction  mixture. 

These  authors  prepared  oxides  of  a-hydroxyalkyldialkylphosphines,  or  as  these  were  named  by  them  — 
disubstituted  phosphenyl  alcohols  —  for  the  first  time.  We  also  ran  some  work  in  this  direction.  Thus  far  we 
have  not  succeeded  in  obtaining  positive  results  owing  to  the  difficulties  met  in  the  isolation  of  diethylphos- 
phinous  and  other  dialkylphosphinous  acids. 

The  reaction  of  addition  to  the  carbonyl  group  of  aldehydes  and  ketones  proceeds  successfully  with  both 
the  dialkyl  hydrogen  phosphites  and  with  phenyl ( alkyl )  phosphinic  and  dialkyl(aryl)  phosphinous  acids  and  has 
a  general  character. 
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Esters  of  a -Hydroxy alkylphenylphosphinic  Acid 


EXPERIMENTAL 


i 


The  reactions  of  acid  esters  of  phenylphosphinlc 
acid  with  aldehydes  and  ketones  were  run  as  follows. 
Into  a  small  flask  or  ampule  there  was  placed  0.02- 
0.05  mole  of  the  acid  ester  of  phenylphosphinic  acid 
and  to  this  was  added  an  equimolar  amount  (0.02- 
0.06  mole)  of  the  aldehyde  or  ketone.  In  mixing  of 
the  acid  ester  with  aldehydes  a  rise  of  temperature 
of  4*  to  17*  was  usually  observed,  while  in  mixing 
with  ketones  there  occurred  a  drop  of  temperature 
by  2-3*.  The  reaction  mixture  was  either  allowed  to 
stand  at  room  temperature  or  was  heated  on  a  water 
bath.  The  reactions  with  aldehydes  were  usually 
run  at  room  temperature.  In  this  case  the  formation 
of  esters  of  a -hydroxy  alkylphenylphosphinic  acids  was 
observed  after  3-7  days.  The  reactions  with  ketones 
were  run  by  heating  on  a  water  bath  and  were  com¬ 
pleted  in  36-48  hours.  The  esters  of  a-hydroxyalkyl  - 
phenylphosphinic  acids  crystallized  either  directly  in 
the  reaction  vessel  or  after  their  introduction  into 
a  suitable  solvent.  The  esters  were  recrystallized  from 
alcohol,  aqueous  alcohol,  acetone,  cyclohexane  or 
their  mixtures.  The  yields  of  crude  products  were 
good  and  amounted  to  70-90<7o.  However,  large  losses 
occurred  during  the  purification  and  the  yield  of 
pure  products  was  lowered  considerably.  It  is  possi¬ 
ble  that  a  partial  cleavage  of  the  condensation  prod¬ 
uct  into  the  starting  materials  takes  place  during  the 
recrystallization.  Esters  of  a-hydroxyalkylphenyl- 
phosphinic  acids  were  colorless  crystalline  substances. 

SUMMARY 

1.  It  was  shown  that  acid  esters  of  phenylphos¬ 
phinic  acid  react  with  aldehydes  and  ketones  and 
form  esters  of  a-hydroxyalkylphenylphosphinlc  acids. 
The  condensation  reactions  proceed  without  a  catalyst, 
those  with  aldehydes  occur  with  evolution  of  heat. 

2.  There  were  prepared  eleven  esters  of 
various  a-hydroxyalkylphenylphosphinlc  acids. 
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DIENE  CONDENSATIONS  OF  GEM -SUBSTITUTED  BUTADIENES.  I. 


I.  N.  Nazarov  and  M.  V.  Mavrov 


I* 

I* 

I* 

II 


It  was  noted  by  a  number  of  workers  that  cis-1 -substituted  dienes  do  not  enter  the  diene  synthesis  (Diels- 
Alder  reaction)  or  do  so  with  considerable  difficulty.  Insofar  as  one  of  the  alkyl  groups  in  gem -substituted 
dienes  is  always  in  the  cis-position,  it  was  of  considerable  interest  to  study  systematically  their  behavior  in  the 
reactions  of  diene  synthesis. 

There  are  but  few  scattered  and  often  contradictory  data  in  the  literature  bearing  on  this  problem.  Thus, 
for  example,  Bachmann  [1]  showed  that  1,1-dlmethylbutadiene  does  not  form  adducts  with  benzoquinone,  maleic 
anhydride  and  crotonic  acid  even  after  prolonged  heating  at  200*.  According  to  other  work,  1,1-dimethylbutadiene 
[2-5]  and  1,1,4-trimethylbutadiene  [6]  form  only  polymeric  products  with  maleic  anhydride.  However,  there  is 
an  entire  series  of  patents  [7-9]  in  which  data  are  given  about  diene  condensations  of  these  dienes  with  various 
unsymmetric  dienophiles  ( acrolein,  metacrolein,  crotonaldehyde  and  tetrolic  aldehyde).  Recently  there  also 
appeared  some  papers  on  diene  condensations  of  1,1-dimethylbutadiene  with  crotonaldehyde  [5]  and  of  1, 1,4,4- 
tetramethylbutadiene  with  tetrabromo-o-quinone  [10].  In  both  cases  the  authors  assumed  the  resulting  com¬ 
pounds  to  be  adducts  with  normal  structure  corresponding  to  Formulae  (I)  and  (II). 


X/CHO 


v/P' 


\/\ 


(I) 


\/ 


T 

\^\ 


/\Br  \ 


Br 


(ID 


Br 


We  selected  1,1 -dimethyl-,  1,1,4-trimethyl-  and  1,1,4,4-tetramethylbutadienes  as  gem -substituted  dienes. 

First  of  all  we  developed  the  accessible  paths  of  preparation  of  1,1,4,4-tetramethyl-  and  1,1,4-trimethyl- 
butadienes.  In  catalytic  dehydration  of  tetramethyl-l,4-butanediol  (III)  over  zirconium  dioxide  on  pumice  or 
over  a  catalyst  composed  of  chromium  oxide  and  aluminum  oxide  at  300*  we  obtained,  in  both  cases  with  almost 
quantitative  yield,  the  readily  separable  mixtures  of  1,1,4,4-tetramethylbutadiene  (IV)  and  2,5-dimethyl-l,6- 
hexadiene(V)  in  approximately  equal  proportion. 


(CH3)2CCIl2CH2C(CH3)2 
I  I 

on  OH 


(GH3)2G=GHCH=C(GH3)2 

(IV) 


GH2=G— GH2GH2-G=GH2 

CH3  CHs 

(V) 
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1,1,4-Trimethylbutadiene  was  prepared  by  us  by  dehydration  of  isopropylpropenylcarbinol  over  zir¬ 
conium  dioxide  on  pumice. 


(GH3)2GHCHCH=CMCH3 

OH 


(GH3)2G=GHGH=GHGH3  (GH3)2GHGH=GHGH=GH, 

(VI)  (VII) 


After  a  single  pass  at  290*  there  was  obtained  in  80%  yield  a  mixture  of  hydrocarbons  containing  60%  of 

1,1,4-trimethylbutadiene  ( VI)  and  40%  of  l-isopropylbutadiene  ( VII),  while  Bacon  [3]  by  using  hydrobromlc 
acid  obtained  a  hydrocarbon  mixture  with  predominance  of  diene  (VII). 

The  structure  of  dienes  (IV),  (VI)  and  (VII)  was  confirmed  by  a  study  of  their  oxidation  products  obtained  with 
potassium  permanganate.  In  addition  to  this,  l-isopropylbutadiene  (VII)  was  characterized  by  crystalline  deri¬ 
vatives  which  it  formed  with  maleic  anhydride  and  quinone(Vni)  and  (IX). 


GO 

^\^GO 


1,1,4,4-Tetramethyl-  (IV),  1,1,4-trimethyl-  (VI)  and  1,1-dimethylbutadienes  gave  only  amorphous 
polymeric  products,  which  were  evidently  copolymers  of  the  dienes  and  maleic  anhydride,  in  reactions  with 
maleic  anhydride  under  various  conditions  (temperature,  solvent,  ratio  of  components,  etc.). 

The  use  of  less  reactive  dienophiles  ( methyl  acrylate,  acrylonitrile,  crotonaldehyde)  for  diene  condensa¬ 
tions  requires  the  use  of  more  drastic  temperature  conditions  and  in  this  case  along  with  formation  of  large 
amounts  of  polymeric  substances  there  are  also  formed  adducts  in  yields  of  15-30%.  Thus,  for  example,  1, 1,4,4- 
tetramethylbutadiene  (IV)  condensed  only  slightly  with  methyl  acrylate  at  200*  and  only  after  heating  of  the 
component  mixture  for  five  hours  to  250-260“  was  there  formed  the  adduct  (X)  in  20-30%  yield,  this  adduct 
however,  not  being  the  normal  adduct  of  a  diene  synthesis. 

In  the  hydrolysis  of  the  resulting  adduct  (X)  we  isolated  a  liquid  acid  (XI)  which  hydrogenated  to  acid 
(XU).  The  structure  of  the  latter  was  established  by  dehydrogenation  over  the  catalyst  —  chromium  oxide  on 
aluminum  oxide,  as  well  as  palladium  on  carbon  -  and  a  subsequent  oxidation  of  the  dehydrogenation  products 
with  dilute  nitric  acid  under  pressure.  Here  we  isolated  only  isophthalic  acid  from  the  oxidation  products  and 
not  terephthalic  acid  which  would  have  corresponded  to  the  normal  product  of  condensation  of  diene  (IV)  with 
methyl  acrylate.  This  result  was  unexpected;  it  is  necessary  to  assume  that  prior  to  the  condensation  there 
occurs  a  double  transposition  of  the  double  bonds  by  a  form  of  allylic  shift  with  formation  of  a  conjugated 
system  with  free  methylene  terminations,*  i.  e.,  the  reaction  proceeds  through  l-isopropyl-3-methylbutadiene 
(Xin)  formed  from  1,1,4,4-tetramethylbutadiene  (IV),  the  former  substance  entering  the  reaction  of  diene  con¬ 
densation  in  the  normal  manner. 


•In  a  recent  review  Alder  and  Schumacher  [11]  exclude  the  possibility  of  entry  of  all  gem -substituted  dienes 
into  diene  synthesis  without  an  isomerization,  with  the  exception  made  for  1,1,3-trimethylbutadiene,  for  which 


such  a  rearrangement  leads  to  the  same  diene,  i.  e.. 


I 

I  = 


(see  structures,  top  of  p.  3092). 


Unfortunately  the  authors  cite  their  own  but  unpublished  material. 
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We  isolated  the  unsaturated  aldehyde  (XIV),  which  evidently  corres[>onds  also  to  the  adduct  of  the  isomeric 
form  of  the  diene  (IV)  and  crotonaldehyde,  from  the  condensation  of  1,1,4,4-tetramethylbutadiene  (IV)  with 
crotonaldehyde,  just  as  in  the  preceding  instance.  Similarly  to  this,  1,1-dimethylbutadiene  isomerizes  into 
1,3-dimethylbutadiene  under  the  conditions  of  the  diene  synthesis. 

An  adduct,  which  corresponds  to  the  adduct  of  1,3-dimethylbutadiene  consisting  of  a  mixture  of  structural 
isomers  (XV)  and  (XVI)  with  a  great  preponderance  of  (XV),  was  formed  in  yields  of  about  20<7o  by  heating  1,1- 
dimethylbutadiene  with  acrylonitrile  in  a  solvent  for  four  hours  at  200*. 


A  considerable  amount  of  decomposition  of  the  adducts  (up  to  30%)  occurs  in  the  dehydrogenation  of 
unsaturated  nitriles  (XV)  and  (XVI)  over  Cr20|/Al20|  even  at  430*  and,  for  this  reason,  we  hydrogenated  the  latter 
prior  to  this  operation. 

The  hydrogenation  of  the  double  bond  over  palladium  catalyst  proceeds  very  slowly,  while  over  platinum 
oxide  it  is  accompanied,  at  room  temperature,  by  a  partial  reduction  of  the  nitrile  group. 

The  mixture  of  saturated  nitriles  (XVI  I)  and  (XVIII)  was  transformed  into  aromatic  nitriles,  in  yields  of 
30%,  by  passage  over  the  Cr2P2/Al202  catalyst  at  450*!  after  hydrolysis  of  the  latter  nitriles,  we  isolated  2,4- 
dimethylbenzoic  acid.  Dehydrogenation  of  the  same  mixture  of  nitriles  over  20%  palladium  on  carbon,  followed 
by  hydrolysis  of  the  dehydrogenation  products,  gave  a  good  yield  of  a  mixture  of  aromatic  acids,  from  which  only 
2,4-dimethylbenzoic  acid  could  be  isolated  by  recrystallization.  The  remaining  mixture  of  acids  (about  20%) 
was  oxidized  with  dilute  nitric  acid,  yielding  a  3 ;  1  ratio  of  trimellitic  and  trimesic  acids.  The  presence  of 
trimesic  acid  indicated  the  presence  of  the  "meta"  isomer  in  the  reaction  mixture,  this  isomer  being  (XVI),  whose 
formation  had  been  indicated  earlier,  as  in  the  condensation  of  1,3-dimethylbutadiene  with  acrylonitrile.  The 
same  result  was  obtained  by  mnning  the  reaction  at  a  lower  temperature  (180*). 

The  condensation  of  1,1-dimethylbutadiene  with  crotonaldehyde  run  for  ten  hours  at  150*  gave  a  17-25% 
yield  of  adduct  (XIX),  whose  oxidation  with  moist  silver  oxide  gave  mainly  2,4,6-trimethyl-A*-tetrahydrobenzoic 
acid  (XX),  which  had  been  previously  prepared  by  the  direct  synthesis  in  the  condensation  of  1,3-dimethyl¬ 
butadiene  with  crotonaldehyde  [12]. 
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(XIX) 

(XX) 

Thus,  the  diene  condensations  of  1,1 -dimethyl-  and  1,1,4,4-tetramethylbutadienes  proceed  through  a 
preliminary  isomerization  of  the  dienes  into  1,3-dimethyl-  and  l-isopropyl-3-methylbutadienes,  respectively. 

It  was  of  interest  to  study,  in  this  connection,  the  behavior  of  1,1,4-trimethylbutadiene  ( VI),  for  which 
the  rearrangement  of  this  type  should  lead  to  formation  of  two  isomeric  forms  of  dienes  (VII)  and  (XXI). 


(CH3)2G=CHGH=CHCH3 

(VI) 


(CH3)CHCH=CHCH=GH2 

(VII) 


GH3GH2GH=GHG=GH2 

I 

GII3 

(XXI) 


The  formation  of  two  isomeric  esters  (XXII)  and  (XXni)  actually  did  occur  during  heating  of  1,1,4- 
trimethylbutadiene  (VI)  with  methyl  acrylate  for  eight  hours  at  210*;  the  yields  were  and  the  structures 

of  the  products  were  proven  by  the  following  series  of  reactions: 


I-  ,G02GIl3 


\ 


(VI) 


\/ 


(XXII) 


I 


\/ 


Y 


\Y 


^  ✓CO2GH3  ^y^^G02GH3  Y\Y 


(XXIV) 


GO2H 


I 


<VII) 


(XXIII) 


(XXV) 


Y\/\ 

L 


GO2H 


I  i 

V 


In  this  case  we  isolated  from  the  reaction  products  mainly  the  terephthalic  acid,  which  corresponds  to  the 
normal  addition  product,  along  with  20*^0  of  benzoic  acid,  which  could  form  only  from  ester  (XXIII)  which  corres¬ 
ponds  to  the  isomeric  form  of  the  diene  (VII). 

The  condensation  of  1,1,4-trimethylbutadiene  (VI)  with  crotonaldehyde  for  five  hours  at  220*  gave  a  IS^o 
yield  of  the  unsaturated  aldehyde  (  XXVI),  which  was  identified  by  its  2,4-dinitrophenylhydrazone.  We  ran  a 
condensation  of  1-isopropylbutadiene  with  crotonaldehyde  for  comparison.  By  heating  the  mixture  of  these  sub¬ 
stances  for  seven  hours  at  170*,  we  obtained  a  65^0  yield  of  aldehyde  (XXVII),  whose  2,4-dinitrophenylhydrazone 
was  different  from  the  one  described  above;  therefore,  aldehydes  (XXVI)  and  (XXVII)  were  not  identical. 

Thus,  the  diene  condensations  of  1,1,4-trimethylbutadiene  proceed  with  but  a  partial  isomerization  of  the 
diene,  in  contrast  to  those  of  1,1-dimethyl-  and  1,1,4,4-tetramethylbutadienes,  and  despite  the  presence  of  the 
geminal  groups,  1,1,4-trimethylbutadiene  can  form  adducts  with  normal  structure. 


3095 


EXPERIMENTAL 


1,1-Dimethylbutadiene  (b.p.  75.8-76.2*  at  725  mm,  n®D  1.4542)  was  prepared  by  pyrolysis  of  isopropyl- 
vinylcarbinyl  acetate. 

Isopropylpropenylcarbinol  (b.p.  146-149*,  1.4322)  was  prepared  from  crotonaldehyde  and  isopropyl 

bromide  by  the  Grignard  route  [3];  yield;  43%. 

Tetramethyl-l,4-butanediol  (III).  Tetramethyl-l,4-butynediol  (426  g,  m.p.  92-94*),  prepared  by  the 
condensation  of  acetone  with  acetylene,  was  hydrogenated  over  30  g  of  Raney  nickel  in  an  autoclave  in  solution 
in  500  ml  of  alcohol.  The  hydrogenation  was  run  at  40-45*  with  initial  hydrogen  pressure  of  120  atmospheres. 
Theoretical  amount  of  hydrogen  (67.5  liters)  was  absorbed  over  three  hours.  From  the  reaction  we  obtained  380  g 
of  tetramethyl-l,4-butanediol  (III)  with  rn.p.  91-92*  (from  petroleum  ether). 

Dehydration  of  tetramethyl-l,4-butanediol  (III),  a)  Over  zirconium  dioxide  on  pumice.*  By  dehydration 
of  146  g  of  glycol  (III),  in  solution  in  100  ml  of  methyl  alcohol,  over  zirconium  dioxide  on  pumice  (tube 
diameter  22  mm,  length  of  catalyst  layer  55  cm)  in  nitrogen  stream  at  300-310*  and  at  the  feed  rate  of  0.9- 
1.0  ml/min  we  obtained  104  g  ofa  mixture  of  hydrocarbons  (IV)  and  (V)  with  b.p.  120-134*,  n*^D  1.4346.  The 
yield  was  94%,  based  on  the  glycol  used.  The  resulting  mixture  of  hydrocarbons  was  distilled  through  a  column 
with  39  theoretical-plate-efficiency.  Thereby,  two  main  fractions  were  obtained  as  follows:  1st  b.p.  112-114*. 
n”D  1.4298,  53  g,  and  2nd  b.p.  132-134*,  n^D  1.4776,  42  g. 

The  first  fraction  was  composed  of  the  unconjugated  diene  —  2,5-dimethyl-l,5-hexadiene  (V)  [13].  The 
latter  was  readily  isomerized  into  1,1,4,4-tetramethylbutadiene  (IV)  on  being  passed  over  the  catalyst  CrOj/AljOj 
at  250*  [13]. 

The  second  fraction  was  1,1,4,4-tetramethylbutadiene  (IV)  which  after  a  second  distillation  through  a 
column  with  39  theoretical-plate-effectiveness  had  the  following  constants: 

B.p.  133.5-134*  (762  mm),  m.p.  12-13*,  n^D  1.4783,  d”4  0.7624.  MRp  40.94;  calculated  38.21. 

Xmax  243  mp,  Cniax  22,900  (heptane). 

On  oxidation  of  5  g  of  1,1,4,4-tetramethylbutadiene  with  potassium  permanganate  at  0*  in  the  usual 
manner,  we  isolated  2.4  g  of  acetone  and  0.8  g  of  oxalic  acid.  Acetone  2,4-dinitrophenylhydrazone  and  oxalic 
acid  gave  no  depressions  in  mixed  melting  with  authentic  samples. 

b)  Over  chromium  oxide  on  aluminum  oxide.**  On  dehydration  of  146  g  of  glycol  (HI),  in  solution  of 
100  ml  of  alcohol,  over  chromium  oxide  on  aluminum  oxide  under  conditions  indicated  above,  we  obtained, 
after  two  passes,  105  g  of  hydrocarbon  mixture  with  b.p.  122-132*,  n®D  1.4564,  which  contained  45%  of 
2,5-dimethyl-l,5-hexadiene  (V)  and  55%  of  1,1,4,4-tetramethylbutadiene  (IV),  which  in  fact  was  established  by 
fractional  distillation  of  the  hydrocarbons  through  a  column.  The  yield  of  the  mixture  of  (V)  and  (IV)  was  95% 
based  on  the  glycol  used. 

Dehydration  of  isopropylpropenylcarbinol.  In  dehydration  of  285  g  of  isopropylpropenylcarbinol  over  20% 
zirconium  dioxide  on  pumice  at  285-290*  with  feed  rate  of  0.7-0 .8  ml/min  there  was  obtained  38  ml  of  water, 
192  g  of  hydrocarbon  mixture  (VI)  and  (VII)  with  b.p.  95-112*,  n^D  1.4514,  and  34.0  g  of  the  original  carbinol 
with  b.p.  138-150*,  n®D  1.4292.  Thus,  the  yield  of  the  hydrocarbons  was  80%,  based  on  the  carbinol  used,  or 
91%,  based  on  the  amount  of  converted  carbinol.  The  resulting  hydrocarbon  mixture  was  fractionated  through 
a  column  of  39  theoretical-plate-effectiveness,  in  the  presence  of  metallic  sodium.  The  following  main  frac¬ 
tions  were  obtained:  1st  b.p.  89-92*,  n**D  1.4355,  51.4  g,  2nd  b.p.  92-109*,  n**D  1.4604,  16.0  g,  and  3rd 
b.p.  109-111*,  n“D  1.4648,  92.0  g. 

The  first  fraction  was  shown  to  be  1-isopropylbutadiene,  after  repeated  distillation.  This  (VII)  had  the 
following  constants: 

B.p.  90-91*  (744  mm),  n*®D  1.4358,  X  225  m  p ,  finiax  21,000  (heptane). 

Found  %:  €  87.23,  87.18;  H  12.46,  12.62.  C7H12.  Calculated  %:  C  87.42;  H  12.58. 


•  Preparation  of  this  catalyst  was  described  in  our  preceding  paper. 

••  This  catalyst  was  prepared  by  the  method  described  by  Levina  [14]. 


3096 


Isobutyric  acid  1.4  g,  whose  p-bromophenacyl  ester  melted  at  75-76*  and  gave  no  depression  with  an 
authentic  specimen,  was  isolated  by  oxidation  of  3  g  of  this  diene  with  permanganate. 

The  second  intermediate  fraction  was  a  mixture  of  dienes  (VI)  and  (VII).  A  sample  of  this  fraction  gave 
a  crystalline  adduct  with  m.p.  89-90*  (2070)  in  a  reaction  with  maleic  anhydride,  in  addition  to  some  70%  of 
polymer. 

The  third  fraction  contained  mainly  1,1,4-trimethylbutadiene  ( VI).  This,  redistilled  through  a  fraction¬ 
ating  column,  had  the  following  constants: 

B.p.  110.3-110.6*  (749  mm),  n^®D  1.4682,  6*4  0.7552,  MRj)  35.25:  calculated  33.59;  X max  235.5  mp, 

€max  24,000  (heptane). 

Literature  data:  b.p.  111.5°,  n®D  1.4680,  d^4  0.7449  [6]. 

Oxidation  of  5  g  of  1,1,4-trimethylbutadiene  with  potassium  permanganate  gave  1.45  g  of  acetone,  1.2  g 
of  oxalic  acid  and  1.0  g  of  acetic  acid. 

Condensation  of  1-isopropylbutadiene  with  maleic  anhydride.  Two  g  of  the  diene  (b.p.  90-91*),  2  g  of 
freshly  sublimed  maleic  anhydride  and  20  ml  of  benzene  were  heated,  in  the  presence  of  pyrogallol,  in  a  glass 
ampule  for  12  hours  at  100*.  The  reaction  product  was  precipitated  with  petroleum  ether.  3.5  g  (86%)  of  3- 
isopropyl- A*-tetrahydrophthalic  anhydride,  with  m.p.  91*  (from  petroleum  ether)  was  obtained  [3]. 

Condensation  of  1-isopropylbutadiene  with  quinone.  Two  g  of  the  diene  (b.p.  90-91*),  2.2  g  of  benzo- 
quinone  and  20  ml  of  benzene  were  heated  for  12  hours  at  100*  in  a  glass  ampule.  The  solvent  was  distilled 
under  vacuum  and  2.9  g  (64%)  of  crystals  with  m.p.  82-85*,  were  isolated  from  the  residue.  The  adduct  (IX) 
melted  at  92“  after  recrystallization  from  petroleum  ether. 

Found  %:  C  76.01,  76.14;  H  7.94,  7.87.  CuHieOj.  Calculated  %:  C  76.43;  H  7.89. 

Condensation  with  maleic  anhydride.  1)  1,1,4,4-Tetramethylbutadiene  (2.2  g;  b.  p.  133-134* )  and  6  g  (3-  fold 
excess)  of  maleic  anhydride  were  heated  under  a  reflux  condenser  for  ten  hours  at  150*.  The  product  was  hydro¬ 
lyzed  with  40%  solution  of  potassium  hydroxide  and  then  was  acidified  with  concentrated  hydrochloric  acid. 

An  abundant  amorphous  precipitate  formed  (5.0  g);  the  latter  melted  at  215-220*  (with  decomposition)  after 
reprecipitation  from  methanol. 

2)  In  an  attempt  to  condense  1,1-dimethylbutadiene,  as  well  as  1,1,4-trimethylbutadiene,  with  maleic 
anhydride  (20-100°)  we  obtained  only  polymeric  products,  which  agreed  with  the  literature  data  [2]. 

Condensation  of  1,1,4,4-tetramethylbutadiene  with  methyl  acrylate,  a)  1,1,4,4-Tetramethylbutadiene 
(22.5  g,  n^'*D  1.4763),  17.2  g  of  methyl  ester  of  acrylic  acid  (b.p.  80°)  and  0.2  g  of  hydroquinone  were  heated 
in  a  steel  ampule  for  three  hours  at  215-220*.  After  distillation  of  the  reaction  product  we  obtained  15  g  of  the 
original  diene  (b.p.  130-135°,  n“D  1.4738),  3.5  g  of  adduct  (X)  (b.p.  101-108*  at  7  mm,  n^^D  1.4635)  and 
10.5  g  of  polymeric  residue. 

b)  1,1,4,4-Tetramethylbutadiene  (22.5  g),  19.0  g  (10%  excess)  of  methyl  acrylate  and  0.2  g  of  hydro¬ 
quinone  were  heated  in  a  steel  ampule  for  four  hours  at  250-260°.  After  a  vacuum  distillation  we  obtained, 
besides  the  starting  materials,  13  g  (30%)  of  adduct  (X)  with  b.p.  105-115*  at  7  mm,  n^D  1.4652)  and  10.2  g 
of  a  high  boiling  fraction  (b.p.  115-180*  at  7  mm,  n^D  1.4742)  as  well  as  11.0  g  of  polymeric  residue.  After 
two  distillations  of  the  combined  fractions  which  corresponded  to  the  adduct,  there  was  isolated  12  g  cf  ester 
(X)  with  b.p.  95-99*  (5  mm),  n^D  1.4652. 

A  satisfactory  analysis  of  the  substance  could  not  be  obtained. 

Hydrolysis  of  ester  (X).  Twelve  g  of  the  substance  (b.p.  95-99*  at  5  mm)  was  refluxed  in  100  ml  of  15% 
sodium  hydroxide  solution  for  15  hours.  The  reaction  product  was  extracted  with  ether  for  the  removal  of  neutral 
product.  The  residue  was  acidified  with  concentrated  hydrochloric  acid  (31  ml)  and  the  separated  oil  was  ex¬ 
tracted  with  ether.  The  ethereal  extract  was  dried  with  sodium  sulfate,  ether  was  distilled  from  it  and  the  residue 
was  vacuum  distilled.  There  was  obtained  7.6  g  of  acid  (XI)  with  b.p.  139-141*  (6  mm),  n®*D  1.4795. 

Found  %:  C  72.73,  72.67;  H  10.11,  10.05.  M  (titration)  176,  179.  CnHgC^.  Calculated  %:  C  72.48; 

H  9.95.  M  182. 
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Hydrogenation  of  acid  (XI).  Five  g  of  the  acid  (b.p.  139-141*  at  6  mm)  was  hydrogenated  in  a  solution 
of  50  ml  of  acetic  acid  over  platinum  catalyst.  In  six  hours  there  was  absorbed  the  theoretical  volume  of 
hydrogen  (600  ml).  There  was  obtained  4.1  g  of  acid  (XII)  with  b.p.  116-118*  (1.6  mm),  n**D  1.4726. 

Dehydrogenation  of  acid  (Xn)  and  oxidation  of  resulting  products,  a)  Eight  g  of  substance  was  passed 
over  the  catalyst  CrjOj/AljOj  •  at  480“  in  a  stream  of  nitrogen  at  the  rate  of  a  drop  per  4-6  seconds.  There  was 
obtained  2.2  g  of  hydrocarbon  (b.p.  138-172*,  n*^  1.5012)  which  was  then  oxidized  with  80  ml  of  10*70  nitric 
acid  [16]  under  nitrogen  pressure  of  25  atmospheres  at  200*  over  two  hours.  After  separation  of  the  resulting  acid 
through  the  barium  salt  [17],  we  isolated  1.2  g  of  isophthalic  acid  with  m.p.  above  250*,  whose  dimethyl  ester 
melted  at  64*  and  gave  no  depression  in  mixed  melting  point  with  an  authentic  specimen.  No  terephthalic  acid 
could  be  isolated. 

b)  Four  g  of  the  substance  was  dehydrogenated  over  20%  palladium  on  carbon  over  3  hours.  We  obtained 
2.0  g  of  a  hydrocarbon  (  n®D  1.5021),  upon  oxidation  of  which  and  separation,  as  described  above,  we  obtained 
only  isophthalic  acid  (1  g).  The  mixed  melting  point  of  its  dimethyl  ester  gave  no  depression  with  an  authentic 
sample. 

Condensation  of  1,1,4,4-tetramethylbutadiene  with  crotonaldehyde.  The  diene  (22.5  g,  b.p.  133-134*), 

14  g  of  crotonaldehyde  (b.p.  101-103*),  40  ml  of  benzene  and  0.2  g  of  pyrogallol  were  heated  in  a  steel  ampule 
for  five  hours  at  230*.  After  three  redistillations  of  the  reaction  product  in  vacuum  there  was  isolated  5.4  g  of 
unsaturated  aldehyde  (XIV)  with  b.  p.  85-88*  (4  mm),  n*®D  1.4758,  and  12  g  of  polymeric  residue.  The  2,4-di- 
nitrophenylhydrazone  of  the  aldehyde  melted  at  145*  (from  alcohol). 

Found  %:  C  60.10,  60.32;  H  6.89,  6.74;  N  15.42,  15.62.  CigH2404N4.  Calculated  %:  C  60.00; 

H  6.68;  N  15.52. 

Condensation  of  1,1-dimethylbutadiene  with  acrylonitrile,  a)  Thirty  g  of  the  diene,  20  g  of  acrylonitrile, 
20  ml  of  benzene  and  0.2  g  of  hydroquinone  were  heated  in  a  steel  ampule  for  four  hours  at  200*.  After  two  re¬ 
distillations  of  the  reaction  product  in  vacuum  we  obtained  11.2  g  (23%)  of  a  mixture  of  nitriles  (XV)  and  (XVI) 
with  b.p.  76-81* (7  mm),  n^®D  1.4708-1.4721;  polymeric  residue  —  24  g. 

Found  %:  C  80.54,  80.35;  H  9.96,  9.74.  CgHjsN.  Calculated  %:  C  80.0;  H  9.68. 

b)  Ten  g  of  the  diene,  6,7  g  of  acrylonitrile  and  hydroquinone  were  heated  at  140"  for  15  hours.  After 
distillation  of  the  reaction  product  in  vacuum  there  was  obtained  2.8  g  of  a  substance  with  b.p.  91-96*  (14  mm), 
n^.^D  1.4692;  polymeric  residue:  10  g. 

Hydrogenation  of  the  mixture  of  adducts  (XV)  and  (XVI).  The  mixture  of  nitriles  obtained  above  (14.3  g) 
was  hydrogenated  in  a  solution  of  50  ml  of  alcohol  over  platinum  catalyst  at  room  temperature.  Over  15  hours 
2320  ml  of  hydrogen  was  absorbed  (2360  ml  required  at  18*,  746  mm).  For  the  removal  of  the  resulting  amine, 
the  reaction  product  was  acidified  with  10%  hydrochloric  acid  and  extracted  with  ether.  The  ether  was  distilled 
and  the  residue  was  vacuum  distilled.  There  was  obtained  9.2  g  of  a  mixture  of  saturated  nitriles  (XVII)  and 
(XVIII)  with  b.p.  85-88*  (12  mm),  n^D  1.4580. 

Found  %:  N  9.74,  9.87.  C^HijN.  Calculated  %:  N  10.20. 

Dehydrogenation  and  hydrolysis  of  mixture  of  nitriles  (XVII)  and  XVIII).  a)  Six  g  of  the  substance 
(b.p.  85-88*  at  12  mm)  was  dehydrogenated  over  CrgOg/AlgOj  at  480*  in  a  stream  of  nitrogen.  After  three 
passes  there  was  obtained  1.8  g  (30%)  of  aromatic  nitriles  (n^*D  1.5018).  The  resulting  dehydrogenation  product 
was  hydrolyzed  with  a  mixture  of  5  g  of  potassium  hydroxide  in  9  ml  of  alcohol  and  0.5  ml  of  water  by  heating 
for  20  hours  at  140*.  The  reaction  product  was  acidified  with  concentrated  hydrochloric  acid  and  the  precipitated 
crystals  were  separated  and  recrystallized  from  40%  methanol.  There  was  obtained  0.8  g  of  2,4-dimethylbenzoic 
acid  with  m.p.  126-127*,  which  did  not  give  a  depression  with  an  authentic  specimen. 

b)  Five  g  of  the  substance  was  dehydrogenated  over  20%  palladium  on  carbon  at  320*  over  2.5  hours. 

There  was  obtained  3.8  g  of  aromatic  nitriles  with  b.p.  106-109*  (20  mm),  n®D  1.5208.  The  latter  were  hydro¬ 
lyzed  with  a  mixture  of  8  g  of  potassium  hydroxide  in  13  ml  of  alcohol  and  0.8  ml  of  water  by  heating  for  25 
hours  at  140*.  We  obtained  3.0  g  of  a  mixture  of  dimethylbenzoic  acids,  by  the  recrystallization  of  which  we 


•This  catalyst  was  prepared  by  the  method  described  by  Ferrin  [15]. 
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isolated  2.1  g  of  2,4-dimethylbenzoic  acid  with  m.p.  126*,  which  did  not  give  a  depression  with  an  authentic 
specimen.  The  remainder  (0.6  g),  with  m.p.  82-96*,  was  oxidized  with  50  ml  of  lO'^o  nitric  acid  under  nitrogen 
pressure  of  30  atmospheres  at  200*  over  two  hours.  We  obtained  0.5  g  of  a  mixture  of  trimesic  and  trimellitic 
acids.  By  recrystallization  from  iQPjo  hydrochloric  acid,  we  obtained  0.25  g  of  trimellitic  acid  with  m.p.  224- 
227*,  which  did  not  give  a  depression  with  an  authentic  specimen.  In  addition  there  was  obtained  0.16  g  of 
trimesic  acid  with  m.p.  above  260*,  whose  trimethyl  ester  melted  at  144*  and  did  not  give  a  depression  with  an 
authentic  specimen. 

Condensation  of  1,1-dimethylbutadiene  with  crotonaldehyde.  1,1-Dimethylbutadiene  (15  g),  12.5  g  of 
crotonaldehyde,  25  ml  of  petroleum  ether  and  0.1  g  of  hydroquinone  were  heated  for  14  hours  at  145-150*. 

After  two  redistillations  of  the  reaction  product  in  vacuum  there  was  isolated  6.2  g  of  adduct  (XIX)  with  b.p. 
85-90*  (16  mm),  n“D  1.4732. 

Found  <yo:  C  78.91,  78.96;  H  10.2,  10.34.  CioHisO.  Calculated  <70:  C  78.95;  H  10.53. 

Semicarbazone  of  aldehyde  (XIX)  melts  at  182-183*  (from  alcohol).  A  mixed  melting  point  with  semi- 
carbazone  of  2,4, 6-trimethyl- A® -tetrahydrobenzaldehyde  (m.p.  183*),  prepared  by  condensation  of  1,3-dimethyl- 
butadiene  with  crotonaldehyde  [12],  gave  no  depression. 

Oxidation  of  aldehyde  (XIX).  To  the  previously  prepared  moist  silver  oxide  (from  8.7  g  of  silver  nitrate 
and  120  ml  of  0.5  N  potassium  hydroxide  solution)  was  added  3.8  g  of  the  substance  (b.p.  85-90*  at  16  mm)  and 
3  g  of  potassium  hydroxide  in  a  solution  of  125  ml  of  h0°Jo  alcohol  and  the  mixture  was  shaken  at  room  tempera¬ 
ture  for  25  hours.  The  precipitate  was  filtered  off,  the  filtrate  was  evaporated  in  vacuum  to  a  small  volume, 
acidified  with  concentrated  hydrochloric  acid  and  the  separated  oil  was  extracted  with  ether.  On  distillation 
2.4  g  of  acid  (XX)  with  b.p.  124-128*  (3.5  mm)  was  obtained,  which  crystallized  almost  completely  on  stand¬ 
ing  and  melted  at  97-98*  (from  30*70  methanol).  A  sample  mixed  with  2,4,6-trimethyl-A®-tetrahydrobenzoic 
acid  gave  no  melting  point  depression. 

Condensation  of  1,1,4-trimethylbutadiene  with  methyl  acrylate.  1,1,4-Trimethylbutadiene  (19.2  g, 
b.p.  110.5*,  n^D  1.4672),  18  g  (10<7o  excess)  of  methyl  ester  of  acrylic  acid  and  0.1  g  of  hydroquinone  in  a 
solution  of  40  ml  of  petroleum  ether  were  heated  in  a  steel  ampule  at  200*  for  ten  hours.  After  distillation  in 
vacuum  we  obtained,  besides  the  starting  materials,  6.3  g  of  a  mixture  of  esters  (XXn)  and  (XXIII)  with  b.p. 
75-82*  (8  mm),  b.p.  88 -90*  (11  mm),  n^D  1.4535.  Polymeric  residue:  10  g. 

Found  <70:  C  72.18,  71.93;  H  9.86,  9.78.  CuHigOj.  Calculated  <7o:  C  72.49;  H9.96. 

Hydrolysis  of  the  mixture  of  adducts  (XXII)  and  (XXIII).  The  substance  (4.5  g,  b.p.  88-90*  at  11  mm) 
was  boiled  with  30  ml  of  20*7o  solution  of  sodium  hydroxide  for  ten  hours.  The  reaction  product  was  extracted 
with  ether,  the  aqueous  layer  was  acidified  with  concentrated  hydrochloric  acid  (14  ml)  and  the  separated  oil 
was  extracted  with  ether.  The  ethereal  extract  was  dried  over  magnesium  sulfate,  the  ether  was  distilled  from 
it  and  the  residue  was  vacuum  distilled.  There  was  obtained  3.8  g  of  a  mixture  of  acids  (XXIV)  and  (XXV)  with 
b.p.  113-115*  (2  mm),  n®^D  1.4718. 

Founder  C  71.25,  71.17;  H  9.62,  9.55.  •  M  (titration)  163,  162.  CuHigOz.  Calculated  <7o:  C  71.38; 

H  9.58.  M  168. 

After  prolonged  standing,  from  1.8  g  of  the  above  mixture  of  acids  we  isolated  0.3  g  of  crystals  with 
m.p.  92*. 

Found  <7o:  C  70.97,  71.19;  H  9.53,  9.47.  CioHigOg.  Calculated  <7o:  C  71.38;  H  9.58. 

Dehydrogenation  of  mixture  of  acids  (XXIV) and  (XXV)  and  oxidation  of  the  resulting  products.  Two  g  of 
the  substance  (b.p.  113-115*  at  2  mm)  was  dehydrogenated  over  20*70  palladium  on  carbon  at  310*  over  1.5  hours. 
There  was  obtained  about  1.0  g  of  a  mixture  of  hydrocarbons  (n^D  1.4942).  This  mixture  was  oxidized  with  45 
ml  of  8*70  nitric  acid  under  nitrogen  pressure  of  30  atmospheres  at  200*  for  two  hours.  The  oxidation  products 
were  evaporated  to  a  small  volume  and  were  thoroughly  extracted  with  benzene.  From  the  benzene  extracts  we 
obtained  60  mg  of  benzoic  acid  with  m.p.  120-122*,  which  did  not  give  a  depression  with  an  authentic  specimen. 
From  the  residue  after  separation  through  the  barium  salts  we  isolated  0.4  g  of  terephthalic  acid  with  m.p.  above 
260*,  whose  dimethyl  ester  melted  at  144*  and  gave  no  depression  in  mixed  melting  with  an  authentic  specimen. 
No  isophthalic  acid  could  be  isolated  in  this  case. 
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Condensation  of  1,1,4-triniethylbutadiene  with  crotonaldehyde.  l,l,4-Trimethylbutadiene(26.0  g) 

17.6  g  of  crotonaldehyde  and  0.2  g  of  hydroquinone  were  lieated  in  a  solution  of  40  ml  of  petroleum  ether  in  a 
steel  ampule  for  eight  hours  at  220-225*.  After  distillation  of  the  reaction  products  in  vacuum  there  was  obtained 
besides  the  starting  materials,  14.2  g  of  a  substance  with  b,p.  70-140*  (7  mm).  Polymeric  residue:  16.0  g. 

After  numerous  redistillations  we  isolated  4.8  g  of  a  substance,  with  b.p.  70-80*  (6  mm),  n*D  1.4721  which 
corresponded  to  adduct  (XXVI).  On  treatment  of  this  adduct  (XXVI)  with  a  solution  of  2,4-dinitrophenylhydra- 
zine  we  isolated  a  2,4-dinitrophenylhydrazone  (about  227o)  with  m.p.  183*  (from  ethyl  acetate). 

Found  €  68.64,68.625  H  6.02,  6.25;  N  16.36,  16.40.  Ci7Ha04N4.  Calculated‘S;  C  68.93; 

H6.40;  N  16.14. 

Condensation  of  1-isopropylbutadiene  with  crotonaldehyde.  Five  g  of  1-isopropylbutadiene (b.p.  90-91*), 

3.6  g  of  crotonaldehyde  and  a  little  hydroquinone  were  heated  in  a  steel  ampule  at  170*  for  seven  hours.  After 
a  vacuum  distillation  we  obtained  5.6  g(65‘S)  of  aldehyde  (XXVII)  with  b.p.  84-86* (7  mm),  n**D  1.4764. 

The  semicarbazone  of  the  aldehyde  melted  at  184-185*  (from  alcohol). 

Found  ‘S:  C  64.18,  64.24;  H  9.51,  9.54;  N  19.31,  19.08.  CuHjiON,.  Calculated  ‘S:  C  64.52;  H  9.38; 

N  18.91. 

2,4-Dinitrophenylhydrazone  of  the  aldehyde  had  m.p.  165-167* (from  alcohol). 

Found  N  16.35,  16.41.  C1TH22O4N4.  Calculated  <S:  N  16.14. 

SUMMARY 

1.  A  new  and  convenient  method  was  developed  for  the  preparation  of  1,1,4,4-tetramethylbutadiene 
(diisocrotyl)  by  dehydration  of  tetramethyl-l,4-butanediol. 

2.  It  was  shown  that  a  mixture  of  isomeric  dienes,  containing  60‘S  1,1,4-trimethyl  and  40%  l-isopropyl- 
butadienes,  is  formed  in  the  catalytic  dehydration  of  isopropylpropenylcarbinol  over  zirconium  dioxide  on 
pumice. 

3.  It  was  shown  that  1,1,4,4-tetramethyl-  and  1,1-dimethylbutadienes  enter  the  diene  synthesis  (Diels - 
Alder  reaction)  only  at  high  temperatures  and  undergo  a  preliminary  isomerization  into  the  corresponding  1,3- 
disubstituted  dienes,  while  1,1,4-trimethylbutadiene  isomerizes  only  partially  under  these  conditions  and  yields 
mainly  the  adduct  with  normal  structure. 
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REACTIONS  OF  HYDRAZINE  DERIVATIVES 
XX.  DEHYDROGENATION  OF  PYRAZOLINES* 

I.  I.  Grandberg  and  A.  N.  Kost 

Pyrazolines  have  become  readily  available  substances  recently.  It  is  possible  to  synthesize  pyrazolines 
with  various  alkyl  or  aryl  substituents  in  any  desired  position  by:  the  reaction  of  a,  B -unsaturated  carbonyl  comp¬ 
ounds  [1,  2]  or  6  -amino  ketone-s  [3-6]  with  hydrazine,  the  cyclization  of  azines  under  the  influence  of  acids  [6] 
or  the  reaction  of  addition  of  aliphatic  diazo  compounds  to  carbon -carbon  double  bond  [7]. 

All  the  pyrazolines  are  rather  unstable  in  storage  and,  for  this  reason,  many  workers  attempted  to  oxidize 
these  substances  to  pyrazoles  for  identification,  since  the  latter  are  distinguished  by  their  chemical  stability  and 
by  the  fact,  as  it  recently  appeared,  of  their  being  fungicides  [8],  insecticides  [9]  and  antibiotics  [10], 

The  transformation  of  pyrazolines  into  pyrazoles  turned  out  to  be  a  difficult  problem  since  these  substances 
are  easily  oxidized,  often  with  spontaneous  ignition,  by  the  action  of  plain  atmospheric  oxygen  [11].  It  was  possi¬ 
ble  to  prepare  only  saturated  and  unsaturated  ketones  and  complex  nitrogenous  substances  by  slow  oxidation  of 
nitrogen -unsubstituted  pyrazolines  with  hydrogen  peroxide  [12].  N-Phenylpyrazolines  yield  colored  condensation 
products,  whose  structures  remain  undetermined,  after  careful  oxidation  [13].  It  was  possible  in  individual  cases 
to  oxidize  a  pyrazoline  to  a  pyrazole,  but  in  each  case  it  was  necessary  to  select  the  proper  conditions  and  the 
specific  oxidizing  agent  [14].  Bromine  was  used  for  this  purpose  in  a  series  of  papers:  however,  this  reagent  leads 
mainly  to  the  bromination  products  [15]. 

Our  attempts  to  oxidize  4-ethyl-5-propyl-  and  4-isopropyl-5-isobutylpyrazolines  to  the  corresponding 
pyrazoles  were  similarly  unsuccessful.  Performic  acid,  selenium  dioxide,  nitric  acid,  potassium  permanganate, 
sodium  dichromate  and  chromic  anhydride  all  destroyed  the  pyrazoline  ring,  yielding  a  nitrogen-free  complex 
mixture  of  oxidation  products.  Attempts  to  oxidize  N-formyl-,  N-acetyl-  and  N-benzoyl  derivatives  of  these 
pyrazolines  were  similarly  unsuccessful,  since  the  weak  oxidants  failed  to  affect  these  compounds,  while  the 
stronger  ones  (potassium  permanganate  in  all  media  and  chromic  acid)  destroyed  the  pyrazolines  with  evolution 
of  nitrogen.  In  the  action  of  bromine  on  these  pyrazolines  and  their  acyl  derivatives  there  took  place  a  bromina¬ 
tion  along  with  the  oxidation  and  there  was  formed  a  complex  mixture  of  bromine -containing  substances. 

The  smooth  transition  from  pyrazolines  to  pyrazoles  was  attained  by  us  by  the  use  of  selenium  or,  even 
better,  sulfur,  for  the  dehydrogenating  agents.  The  reaction  proceeds  at  a  rather  low  temperature  (150-250*)  and 
is  not  accompanied  by  side  reactions.  The  end  of  the  reaction  can  be  noted  easily  by  the  cessation  of  evolution 
of  hydrogen  sulfide.  It  is  interesting  to  note  that  excess  sulfur  is  not  necessary  for  the  reaction. 

In  pyrazoles,  in  contrast  to  pyrazolines,  there  exists  a  conjugation  of  two  double  bonds  with  free  electron 
pairs  of  the  nitrogen  atom.  In  such  an  aromatized  structure,  having  a  sextet  of  electrons  in  the  nucleus,  the 
compounds  with  a  substituent  in  position  3  were  identical  with  analogous  substances  having  the  substituent  in 
position  5.  Owing  to  this,  for  example,  in  dehydrogenation  of  3-methyl-5-phenylpyrazoline  there  was  obtained 
3-phenyl-5-methylpryazole  in  90^  yield.  Analogously,  from  both  5-methyl-  and  3-methylpyrazoline  there 
was  obtained  the  same  3(5)-methylpyrazole  in  yields  of  75%  and  90%  respectively. 

•Paper  I  from  the  series  "Studies  on  Pyrazoles". 
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By  dehydrogenation  of  pyrazolines  in  this  manner  we  prepared  a  series  of  pyrazoles,  in  yields  of  65  to 
96^0,  among  them  four  of  the  previously  unknown  ones.  The  proposed  method  may  serve  the  purposes  of  pre¬ 
parative  synthesis  of  alkyl-  and  arylpryrazoles,  owing  to  the  simplicity  of  the  experiments  and  the  comparative 
accessibility  of  the  starting  materials.  In  the  example  of  synthesis  of  methylfurylpyrazole  we  established  that 
this  method  may  be  used  also  for  the  more  complex  substances. 

EXPERIMENTAL 

One  mole  of  pyrazoline,  mixed  with  one  mole  of  sulfur  (selenium  gave  considerably  lower  yields),  was 
heated  until  energetic  evolution  of  hydrogen  sulfide  began  (temperature  of  the  mixture  150-250*).  The  reac¬ 
tion  flask  was  then  heated  or  slightly  cooled  (with  a  moist  towel)  so  as  to  keep  the  reaction  rate  approximately 
constant  (a  very  energetically  going  reaction  leads  to  the  appearance  of  tarry  products).  The  rate  of  the  reac¬ 
tion  may  be  determined  by  the  length  of  the  flame  of  hydrogen  sulfide  if  one  ignites  it  at  the  end  of  the  exit 
tube;  in  dehydrogenation  of  0.2  mole  of  pyrazoline  and  with  the  diameter  of  the  exit  tube  being  2.5  mm,  the 
flame  length  was  2  cm.  After  termination  of  evolution  of  hydrogen  sulfide  (usually  30-60  minutes  was  required 
for  this),  the  flask  was  heated  for  20  minutes  longer  for  the  completion  of  the  reaction. 

In  case  of  low -boiling  alkylpyrazolines  the  reaction  was  run  in  a  flask  with  a  reflux  condenser  and  after 
completion  of  the  dehydrogenation  the  still  hot  reaction  mixture  was  transferred  into  a  Claisen  flask  and  the 
pyrazole  was  vacuum  distilled.  Pyrazolines  with  phenyl  substituents  (which  boiled  from  300*  and  higher)  can 
be  dehydrogenated  in  a  beaker  made  of  thermostable  glass  and  the  resulting  pyrazole  can  be  directly  recrystallized. 

3(5)-Methylpyrazole.  From  16.8  g  of  5-methylpyrazoline  (b,p.  150-351“  at  741  mm,  n*®D  1.4781  [16]) 
we  obtained  12.4  g  (ISf’Jo)  of  3(5)-methylpyrazole  with  b.p.  202-205* (750  mm).  After  second  distillation,  the 
substance  had  the  following  constants: 

B.p.  202-203*  (747.5  mm),  n“D  1.4928,  d“4  1.0119  [17].  MRd  23.59;  calculated  23.88.* 

Found  N  34.07,  34.20.  C4H6N2.  Calculated  N  34.18. 

Picrate(from  ether),  m.p.  142*  [17]. 

From  16.8  g  of  3-methylpyrazoline  (b.p.  64-66*  at  25  mm,  n^D  1.4736  [5])  we  obtained  15.1  g(90*7o)  of 
3-methylpyrazole;  b.p.  202-203* (749  mm),  n**D  1.4931,  d®4  1.0131. 

Picrate,  m.p.  143*  (from  ether);  gave  no  depression  in  mixed  melting  point  with  the  picrate  of  the  pyrazole 
prepared  from  5-methylpyrazoline. 

3(5)-tert-Butylpyrazole.  From  26.2  g  of  3-tert-butylpyrazoline  (b.p.  66-68*  at  9  mm,  n**D  1.4670  [6]) 
we  obtained  22.0  g  (90<7o)of  3-tert-butylpyrazole  with  b.p.  106* (9  mm).  On  standing  the  product  crystallized; 
m.p.  53*  (from  a  small  volume  of  petroleum  ether). 

Found  <yo:  0  68.13,  68.04;  H  9.83,  9.80;  N  22.41,  22.47.  C7H12N2.  Calculated*^:  C  67.71;  H  9.75; 

N  22.66. 

Picrate,  m.p.  141*  (from  50^o  alcohol). 

Found  1^:  N  19.62,  19.78.  CjsHibOtNb.  Calculated*^:  N  19.82. 

•  The  refraction  value  of  5.871  was  taken  for  the  two  nitrogens  in  pyrazoles  as  in  pyrazolines. 
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3(5)-Propyl-4-ethylpyrazole.  From  28  g  of  4-ethyl -5 -propylpyrazollne  (b.p.  101-103*  at  16  mm, 
n**D  1.4674  [16])  after  two  distillations  we  obtained  14  g  (Sl^/o)  of  3-propyl-4-cthylpyrazole. 

B.p.  133*  (9  mm),  n“D  1.4876,  d”^  0.9389.  MRp  42.37{  calculated  42.36. 

Found  <70:  C  69.30,  69.38;  H  10.21,  10.37;  N  20.28,  20.44.  C:,Hi4N2.  Calculated  <70:  C  69.63; 

H  10.21;  N  20.27. 

Picrate,  m.p.  142*  (from  60<7o  alcohol). 

Found  <70:  N  18.97,  19.06.  C14H17O7N5.  Calculated  N  19.06. 

3(6) -Isobutyl -4-isopropylpyrazole.  From  60.4  g  of  4-isopropyl-6-isobutylpyrazoline  (b.p.  116-117*  at 
21  mm,  n“D  1.4642  [16])  we  obtained  32.1  g  (64.6<7o)  of  the  conesponding  pyrazole. 

B.p.  137*  (9  mm),  n®D  1.4749,  d“4  0.9075.  MRd  61.57;  calculated:  61.58. 

Founder  C  71.98,  72.07;  H  10.97,  10.91;  N  16.91,  17.03.  C„HnNi.  Calculated  C  72.24;  H  10.89; 

N  16.87. 

Picrate,  m.p.  69*  (from  60‘7o  alcohol). 

Found  <7o:  N  17.62,  17.69.  CijHjiOyNs.  Calculated  <^o'.  N  17.71. 

3(5)-Phenylpyrazole.  From  29.2  g  of  5-phenylpyrazoline  (b.p.  132-133*  at  10  mm  [1])  we  obtained 
22.9  g  (78.8^)  of  3-phenylpyrazole  with  b.p.  189-196*  (20  mm)  [18]  in  the  form  of  a  viscous  oil  which  crys¬ 
tallized  in  the  condenser  and  melted  at  79* (from  a  mixture  of  benzene  and  isooctane  in  1 : 3  ratio)  [19]. 

Found  <7o:  N  19.43,  19.64.  CjHgNj.  Calculated  <7o:  N  19.43. 

Picrate,  m.p.  170* (from  ether)  [18]. 

Found  <70:  N  18.91,  19.17.  CisHuOyNg.  Calculated  <7o:  N  18.76. 

The  same  pyrazole  was  obtained  in  87*7o  yield  from  dehydrogenation  of  3-phenylpyrazoline  (b.p.  142-143* 
at  9  mm,  m.p.  44*  [20]).  B.p.  185-189* (16  mm),  m.p.  79*. 

Picrate,  m.p.  170*  (from  ether).  This  gave  no  depression  in  mixed  melting  point  with  the  picrate  described 
above. 

3-Methyl-5-phenylpyrazole.  From  32  g  of  3-methyl -5-phenylpyrazoline  we  obtained  27.9  g(89%)  of  3- 
methyl-5-phenylpyrazole,  m.p.  127*  (from  a  mixture  of  octane-benzene  in  1:1  ratio)  [19]. 

Found  °h'  N  17.82,  17.98.  CioH||gN2.  Calculated  %ii  N  17.70. 

Picrate,  m.p.  158*  (from  ether)  [21]. 

Found  <7o:  N  17.85,  17.92.  CieHoO^Ns.  Calculated  <7o:  N  18.06. 

3,5-Diphenylpyrazole.  From  25  g  of  3,6-diphenylpyrazolidine  [22]  we  obtained  23.8  g  (967o)  of  3,6-di- 
phenylpyrazole  with  m.p.  205*  (from  methyl  alcohol)  [23]. 

Found  <7p:  N  12.70,  12.74.  CigH^Nj.  Calculated  <7o:  N  12.49. 

Picrate,  m.p.  163*  (from  ether)  [24]. 

Found  olo:  N  15.57,  15.70.  CJ1H15O7N5.  Caiculated  <7o:  N  15.48. 

3-Methyl-5-(2-furyl)-pyrazole.  Sixteen  g  of  3 -methyl -5 -( 2-fury l)-pyrazoline  was  heated  with  3.43  g  of 
sulfur.  After  distillation  there  was  isolated  ll.lg(70‘7>)of  methylfurylpyrazole  with  b.p.  167-176*  (18  mm).  The  sub¬ 
stance  crystallized  in  the  receiver.  M.  p.  9(f  (from  a  mixture  of  iso-octane- benzene  in  4  : 1  ratio). 

Found  ‘7>:  N  18.98,  19.05.  CjM^ONj.  Calculated<7r:  N  18.90. 

Picrate,  m.p.  132-133*  (from  40<7o  alcohol). 

Found ‘7>;  N  18.61,  18.63.*  C^HuCjNs.  Calculated  <7o:  N  18.56. 

•Nitrogen  analyses  were  done  by  L.  S.  Ignatenko  to  whom  the  authors  express  their  gratitude. 
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SUMMARY 


It  was  shown  that  the  pyrazoline  nucleus  is  readily  dehydrogenated  by  heating  with  sulfur.  A  method  of 
synthesis  of  pyrazoles  in  high  yields  was  developed. 
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ADDITION  OF  ORG  A  NO  M  A  ONES  lU  M  COMPOUNDS  TO 


ISOPROPYLIDENEMALONIC  ESTER 

V.  P.  Gol'mov  and  Z.  P.  Malevannala 


Substituted  malonic  esters  are  formed  in  very  poor  yields  in  the  reaction  of  the  sodiomalonic  ester  with 
tertiary  alkyl  halides,  since  in  this  case  there  occurs  a  series  of  side-reactions  (such  as  loss  of  the  elements  of 
hydrogen  halide,  formation  of  ethers,  etc.)  [1], 


Therefore,  another  method  of  preparation  of  these  compounds,  consisting  of  the  addition  of  organomagnesium 
compounds  to  alkylidenemalonic  esters,  deserved  some  attention. 

This  reaction  was  discovered  as  long  ago  as  1905  [2,  3]  but  it  was  used  to  this  time  on  only  a  limited 
number  of  examples  [4-11]. 

In  order  to  partly  fill  this  gap,  we  decided  to  study  in  this  work  the  addition  of  some  organomagnesium 
compounds  to  isopropylidenemalonic  ester,  which,  as  shown  by  the  previous  experiments  with  methylmagnesium 
iodide  [4],  butylmagnesium  bromide  [4],  phenylmagnesium  bromide  [6]  and  benzylmagnesium  bromide  [6], 
proceeds  according  to  the  following  scheme: 


RMgX  4 


CH 


CH-/ 


3" 


CHg  OQjHb 


R-G-C=C-OMgX 

I  \ 

CHg  COOQHg 


C=C(C00C2H5)2 - > 

CHa 

r_C_CH(COOC2H6)2 

I 

CH.i 


Some  experiments  are  described  below,  dealing  with  the  addition  of  organomagnesium  compounds  to 
isopropylidenemalonic  ester,  the  former  being  prepared  from  ethyl  iodide,  propyl  bromide,  isopropyl  bromide 
and  butyl  bromide. 

We  obtained  in  each  case  the  expected  tert-alkyUnalonic  esters,  the  hydrolysis  of  which  gave  tert-alkyl- 
malonic  acids,  whose  decarboxylation  gave  tert-  alkylacetic  acids. 

EXPERIMENTAL 

The  isopropylidenemalonic  ester,  which  is  necessary  for  the  following  experiments,  was  prepared  by  the 
method  of  Gaind  and  Guha  [12]  and  that  of  Cope  and  Hancock  [13],  from  the  malonic  ester  and  acetone,  in  the 
presence  of  acetic  anhydride  and  zinc  chloride. 

It  had  the  following  constants  after  careful  distillation  through  a  20  cm  Vigreaux  column: 

B.p.  79-80*  (at  2  mm),  d^^4  1.0283  [14],  d“4  1.0263,  n^^D  1.4614  [14],  n“D  1.4490. 

Addition  of  alkylmagnesium  halides  to  isopropylidenemalonic  ester.  The  Grignard  reagent  was  prepared, 
in  a  flask  provided  with  a  reflux  condenser,  a  mechanical  stirrer  and  a  dropping  funnel,  from  0.5  mole  of  alkyl 
halide  in  200  ml  of  absolute  ether  and  0.5  gram-atom  of  metallic  magnesium,  activated  by  addition  of  iodine. 
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Isopropylldenemalonic  ester  (0.6  mole),  dissolved  in  an  equal  volume  of  ether,  was  added  dropwise  with  cooling 
and  mechanical  stirring,  to  the  resulting  solution  of  the  organomagnesium  compound.  After  the  addition,  the 
reaction  mixture,  which  consisted  of  two  layers,  was  set  aside  overnight  at  room  temperature,  after  which  it  was 
refluxed  for  one  hour  on  a  water  bath,  cooled  and  decomposed  with  160  ml  of  1:1  hydrochloric  acid.  A  crys¬ 
talline  mass  precipitated  at  first,  then  redissolved  on  continued  addition  of  the  hydrochloric  acid. 

The  ethereal  layer  was  separated  and  the  aqueous  layer  was  extracted  with  ethen  the  combined  ethereal 
layers  were  washed  with  sodium  sulfite  solution,  with  water,  and  then  were  dried  over  dried  sodium  sulfate;  ether 
was  then  distilled  off.  The  residue  was  fractionated  under  vacuum  whereupon  a  fraction  consisting  of  isopropyl- 
malonic  ester  (formed  by  reduction  of  the  isopropylidenemalonic  ester)  came  over  first,  followed  by  the  addition 
product  which  was  then  further  purified  by  repeated  vacuum  distillations.  A  considerable  amount  of  tar  remained 
in  the  flask. 


TABLE  1 


CH 

Alkylmalonic  Esters  R_C\^p^CH(COOC,Hii), 


R 

Boiling  point 
(pressure  in 
mm) 

Yield 
in  ^o) 

«20 

w20 

MRd 

•/.  C 

•/. 

H 

found 

calc. 

found 

calc. 

found 

calc. 

CoHs 

92°  (3) 

36.8 

1.4320 

0.9831 

eo.92 

60.55 

62.34 

62.61 

9.57 

9.57 

C3H7 

88-89(1.5) 

31.6 

1.4352 

0.9733 

65.61 

65.51 

63.73 

63.93 

9.77 

9.84 

LSO-G3H7 

84(1.5) 

14.6 

1.439.) 

0.9913 

64.86 

65.51 

63.46 

63.93 

9.77 

9.84 

G4H9 

119(4) 

30.5 

1.4365 

0.9580 

70.06 

70.16 

65.31 

65.12 

10.16 

10.08 

TABLE  2 


Substituted  Malonic  Acids  r— C\~^ch(COOH), 


R 

Melting 

point 

% 

C 

1  */o  H 

found 

calc. 

found 

calc. 

G2H5 

120-121° 

55.02 

55.17 

8.17 

8.05 

C3H7 

113-114 

57.34 

57.44 

8.70 

8.51 

iso-C3H7 

128—129.5 

57.51 

57.44 

8.62 

8.51 

TABLE  3 

CH, 

Alkylacetic  Acids  R— c — CH,— COOH 
CH, 


R 

Boiling  point 
(pressure  in 
mm) 

«20 

w20 

MRo 

<U\ 

found 

calc. 

found 

calc. 

found 

calc. 

C2H5 

87—88°  (5) 

1.4238 

0.9246 

35.86 

36.06 

64.44 

64.62 

10.86 

10.77 

C3II7 

98  (5) 

1.4307 

0.9157 

40.65 

40.68 

66.53 

66.67 

11.25 

11.11 

iso-CaH7 

98—99  (5) 

1.4356 

0.9302 

40.44 

40.68 

66.48 

66.67 

11.18 

11.11 
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The  yields,  constants  and  the  analytical  results  of  these  compounds  prepared  by  us  are  given  in  Table  1. 

The  tert-alkylmalonlc  esters  were  hydrolyzed  with  alcoholic  alkali  and  the  substituted  malonic  acids  formed 
in  this  manner  (Table  2)  were  changed  to  the  tert-  alkylacetic  acids  by  heating  to  180*.  The  properties  of  the 
latter  are  given  in  Table  3. 

SUMMARY 

1.  Addition  of  ethylmagnesium  iodide,  propylmagnesium  bromide,  isopropylmagnesium  bromide  and 
butylmagnesium  bromide  to  isopropylidenemalonic  ester  was  examined. 

2.  The  previously  undescribed  a,a-dimethylpropylmalonic,  a,a-dimethylbutylmalonic  and  a,a,6“tri- 
methylpropylmalonic  esters  were  synthesized. 

3.  By  hydrolysis  of  the  indicated  malonic  esters  there  were  prepared  the  corresponding  tert  -alkyl- 
malonic  acids,  and  by  decarboxylation  of  the  latter  there  were  prepared  3,3-dimethylpentanoic,  3,3-dimethyl- 
hexanoic  and  3,3,4-trimethylpentanoic  acids. 
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TRIAMINOPYRIDOTHIAZOLE  AND  THE  PRODUCTS  OF  ITS 


CONDENSATION  WITH  DICARBONYL  COMPOUNDS 

S .  G.  Fridman 


In  our  previous  papers  we  described  the  synthesis  of  derivatives  of  pyrido-[4,3-d]-thiazole  [1],  pyrido- 
[3,2-d]-thiazole  [2],  pyrido-[2,3-d]-thiazole  [3,  4].  The  aim  of  the  present  work  was  the  synthesis  of  the  pre¬ 
viously  undescribed  2,6,6-trlaminopyrido-[2,3-d]-thiazole  (I),  its  condensation  with  dicarbonyl  compounds  and 
the  clarification  of  physiological  activity  of  the  resulting  compounds.  The  condensation  products  of  this  triamlne 
with  a-dicarbonyl  compounds  -  pyrazino-[6,6-b]-pyrido-[2,3-d]-thiazoles  (A)  represent  a  complex  condensed 
system  of  nitrogenous  heterocycles. 


HaN-C 


\ 


.NH, 


0=G-Ri 


S\/ 


+  I 


(I) 


0=C-R2 


HaN— C: 


/ 

\n/\jM/\nAr^ 
(A) 


They  may  be  regarded  stmcturally  as  pteridine-llke  compounds  in  which  the  pyrimidine  nucleus  of  the  pteridine 
system  was  replaced  by  a  pyridothiazole  residue. 

The  initial  2,6,6-triaminopyrido-[2,3-d]-thiazole  was  synthesized  by  us  in  the  following  manner:  2,6- 
diamino-3-nitropyridine,  described  previously  [5],  was  transformed  into  2,6-diamino-6-nitropyrido-[2,3-d]- 
thiazole(n)  by  the  thiocyanation  reaction. 


+ 


KCNS 


O2N. 


HoN/  V'^NH 


Br„  CHjCOOH 


HaN^N^^N 

(II) 


/ 


,C— NHa 


We  prepared  triaminopyridothiazole  (I)  in  good  yield  by  reduction  of  (II)  with  iron  filings  in  aqueous  alco¬ 
holic  solution  in  the  presence  of  acetic  acid.  The  substance  (I)  was  identified  also  as  a  dihydrochloride,  a  sulfate  and  a 
triacetyl  derivative.  For  proof  of  the  presence  of  two  amino  groups  in  ortho-position,  the  condensation  products  of 
base  (I)  with  phenanthrenequinone  (X)  and  with  acenaphthoquinone  (XI)  were  prepared. 


/\ 

II  II/' 

\/  (X) 


G— NHa 


/~°\ _ 


\ 

/ 


G-NH 


2 


(XI) 
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Condensation  with  symmetric  dicarbonyl  compounds  led  to  the  formation  of  derivatives  of  2-aminopyrazino- 
[6,6-b]-pyrido-[2,3-d]-thiazole  (A,  Rj  =  Rj).  Their  structure  does  not  present  any  doubt.  In  condensation  with 
unsymmetric  dicarbonyl  compounds,  such  as  pymvic  acid  and  phenylglyoxal,  the  formation  of  two  isomers  is 
possible.  Thus,  in  the  condensation  with  phenylglyoxal  there  may  form  bases  in  which  the  phenyl  radical  is 
either  in  6  position  (B)  or  in  7  position  (C). 

/^\/\/^\ 

H,N— C  I 

0=CH  XAn/\n/\C.H, 

'X,  +1  — 

HaN— 1 


Starting  with  this  fact  that  the  amino  group  in  3-position  of  the  pyridine  nucleus  is  more  reactive  than  an 
amino  group  in  2-position,  it  is  possible  to  consider  that  the  thiazole  (B)  should  be  the  predominant  compound 
in  the  condensation  product  of  2,5,6-triaminopyrido-[2,3-d]-thiazole  with  phenylglyoxal.  Analogously  it  is 
possible  to  consider  that  the  condensation  with  pyruvic  acid  would  proceed  in  the  direction  of  formation  of 
mainly  pyrazinopyridothiazole  (D). 


HjN— C; 


\ 


V^N^OH 


N/^N^\n/\ch3 
(D)  " 


I  Condensation  products  with  diacetyl*  (VI),  dibenzyl  (VII),  phenylglyoxal  (IX),  pymvic  acid  (VIII), 

acenaphthoquinone  (XI)  and  phenanthrenequinone  (X)  were  prepared  by  heating  the  components  in  an  alcoholic 
solution.  The  condensation  product  with  the  bisulfite  derivative  of  glyoxal  (IE)  was  prepared  in  aqueous  solu¬ 
tion,  while  that  with  oxalic  acid  (V)  was  prepared  in  hydrochloric  acid. 

The  derivatives  of  2-aminopyrazino-[5,6-b]-pyrido-[2,3-d]-thiazole,  synthesized  by  us,  are  shown  in  the 
•  table.  They  are  crystalline  compounds,  colored  light  yellow  and  in  their  properties  resembling  compounds  with 

condensed  nitrogenous  heterocycles,  for  example  derivatives  of  pyrido-[2,3-b]-pyrazine,  pyrimido-[4,5-b]-pyrazine 
(pteridine)  etc.  Thus,  like  amino-  and  hydroxy  derivatives  of  pyrido-[2,3-b]-pyrazine  [6]  and  pteridine  [7],  the 
derivatives  of  2-aminopyrazino-[5,6-b]-pyrido-[2,3-d]-thiazole  have  high  melting  points  and  mainly  decompose 
at  above  300*  without  melting.  They  are  also  poorly  soluble  in  water  and  organic  solvents. 

Albert  and  CO- workers  [7]  showed  that  the  high  melting  points  and  poor  solubility  in  water  and  organic 
solvents  of  the  amino  and  the  hydroxy  derivatives  of  pteridine  are  explained  by  the  presence  of  intermolecular 
hydrogen  bonds  in  which  atoms  of  nitrogen  and  the  amino  and  hydroxy  groups  participate.  Evidently,  the  same 
type  of  intramolecular  association  exists  among  the  bases  synthesized  by  us. 

Derivatives  of  2-aminopyrazino-[5,6-b]-pyrido-[2,3-d]-thiazole  are  stable  compounds;  on  being  boiled 
for  a  long  time  with  10*70  solution  of  sodium  hydroxide,  no  evolution  of  ammonia  is  observed.  They  form  hydro¬ 
chlorides  and  sulfates  with  hydrochloric  and  sulfuric  acids.  With  picric  acid  they  form  picrates  which  crystallize 
well  from  water.  Derivatives  of  2-aminopyrazinopyridothiazole  with  hydroxy  groups  (IV,  VIII)  dissolved  in  dilute 
alkalies  and  did  not  dissolve  in  solutions  of  carbonates  of  the  alkali  metals.  The  condensation  products  of  2,5,6- 
triaminopyrido-[2,3-d]-thiazole  with  acenaphthenequinone  and  phenanthrenequinone  (XI,  X)  form  intensely 
colored  solutions  in  concentrated  hydrochloric  and  sulfuric  acids  like  the  products  of  condensation  of  derivatives 
of  2,3-diaminopyridine  with  the  same  quinones  [8].  Derivatives  of  2-aminopyrazino-[5,6-b]-pyrido-[2,3-d]- 
thiazole  are  difficult  to  combust  and  for  this  reason  the  analyses  for  carbon,  hydrogen  and  nitrogen,  by  Dumas* 
method,  are  low.  Analysis  for  sulfur,  by  Cari us* method,  gave  satisfactory  results. 


•See  table  (in  parentheses  are  numbers  of  the' preparations). 
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Since  the  derivatives  of  2-aminopyrazino-[5,6-b]-pyrido-[2,3-d]-thiazole  cannot  be  characterized  by 
melting  points,  in  the  tables  are  shown  the  maxima  and  the  minima  of  absorption  by  their  alcoholic  solutions 
in  the  ultraviolet  region.  The  measurements  were  made  with  the  SF-4  spectrophotometer. 

EXPERIMENTAL 

Preparation  of  2, 5 , 6  -  T  ri  a  ml  nop  y  ri  d  o  -  [  2 , 3  -  d  ]  -  T  hi  a  zo  le 

2.6- Diamino-3-nitropyridine  was  prepared  by  nitration  of  2,6-diacetamidopyridlne  and  subsequent  hydrolysis 
of  the  resulting  nitrodiacetamidopyridine  [5]. 

2,5-Diamino-6-nitropyrido-[2,3-d]-thiazole  (II).  To  a  solution  of  15.4  g  of  2,6-diamino-3-nitropyridine 
in  850  ml  of  95^  acetic  acid  we  added  38.8  g  of  potassium  thiocyanate;  the  resulting  solution  was  cooled  to 
-  5*  and  at  this  temperature  16  g  of  bromine  was  added  to  it  with  mechanical  stirring  slowly  and  dropwise.  After 
completion  of  the  bromine  addition,  the  mixture  was  stirred  for  15  minutes  at  0*  and  40  minutes  at  room  tempera¬ 
ture,  was  then  heated  to  70*,  treated  with  50  ml  of  water  and  the  mixture  was  heated  on  a  steam  bath  for  15 
minutes.  The  hot  solution  was  filtered  from  the  insoluble  orange  precipitate  of  the  thiocyano  polymer.  The  fil¬ 
trate  was  cooled  to  0*and  made  carefully  alkaline  with  concentrated  ammonium  hydroxide  solution.  The  result¬ 
ing  yellow  precipitate  was  filtered  off,  washed  with  water,  alcohol  and  ether  and  dried  in  air.  Its  weight  was  15.4  g 
{12Ph).  It  was  recrystallized  from  hot  ethylene  glycol  or  pyridine.  Orange  yellow  plates  which  decomposed  at 
315*  without  melting. 

Found  <%'.  N  33.18,  32.93;  S  15.21,  15.33.  CeHgOjNgS.  Calculated  <70:  N  33.17;  S  15.16. 

Xmax  ^min 

2.5.6- Triaminopyrido-[2,3-d]-thiazole  (I).  To  a  suspension  of  10  g  of  2,5-diamino-6-nitropyrido-[2,3-d]- 
thiazole  (H)  in  150  ml  of  alcohol  we  added  10  ml  of  20*70  acetic  acid  and  30  g  of  iron  shavings;  the  mixture  was 
refluxed  on  a  water  bath  with  mechanical  stirring  for  one  hour.  Fifty  ml  of  water  was  added  in  small  portions 
during  this  period.  The  heating  on  the  water  bath  and  the  stirring  were  continued  for  one  hour  longer,  after  which 
4  ml  of  40*70  solution  of  sodium  hydroxide  was  added  and  the  hot  solution  was  filtered.  The  precipitate  was  ex¬ 
tracted  several  times  with  hot  alcohol  (70*70).  A  crystalline  substance  (2.8  g)  crystallized  in  the  form  of  pink 
needles,  which  decomposed  at  252-253*,  from  the  filtrate  which  gradually  turned  dark  on  standing.  The  blue- 
green  filtrate  was  evaporated  under  vacuum  at  the  water  pump  on  a  water  bath  to  a  volume  of  30-40  ml.  Some 
black  crystals  crystallized  on  standing  from  the  residue.  These  were  filtered  off  and  washed  with  alcohol  and 
ether.  The  weight  of  the  crystals  was  2.1  g  for  a  total  yield  of  4.9  g  (57*70).  The  compound  was  purified  by  re¬ 
crystallization  from  either  70*7o  alcohol  with  charcoal  or  from  dilute  hydrochloric  acid  with  charcoal.  Colorless 
needles  of  the  dihydrochloride  of  2,5,6-triaminopyrido-[2,3-d]-thiazole  precipitated  on  standing  from  the  hydro¬ 
chloric  acid  solution.  These  were  recrystallized  for  analysis  once  more  from  15*7r  hydrochloric  acid. 

Found  *7o:  5  12.36,12.50;  01  27.91,27.80.  CeH^NsS  •  2HC1.  Calculated  *7o:  S  12.59;  Cl  27.95. 

The  hydrochloride  was  dissolved  in  a  small  volume  of  water  and  neutralized  with  aqueous  ammonium 
hydroxide.  The  base  precipitated  in  the  form  of  nearly  colorless  needles.  These  were  recrystallized  from 
alcohol.  It  formed  colorless  needles  which  darkened  at  240*  and  melted  with  decomposition  at  253*. 

Found  *7o:  N  38.34,  38.14;  S  17.52,  17.30.  CeH^h^S.  Calculated  *7o:  N  38.67;  S  17.68. 

Xmax  225,  280-5,  341  mp;  257,  305  mp. 

The  sulfate  was  prepared  by  mixing  the  alcoholic  solution  of  the  base  with  an  excess  of  an  aqueous  solu¬ 
tion  of  sulfuric  acid.  The  resulting  colorless  crystalline  precipitate  was  recrystallized  from  water. 

Found  ojo:  S  22.90,  22.81.  C6H,04N5S2.  Calculated  *7o:  S  23.10. 

The  triacetate  of  2,5,6-triaminopyrido-[2,3-d]-thiazole  was  prepared  by  a  brief  heating  of  the  base  at 
reflux  with  excess  acetic  anhydride.  The  resulting  colorless  precipitate  was  recrystallized  from  acetic  acid.  It 
did  not  melt  on  being  heated  to  320*. 

Found  *7);  S  10.08,  10.13.  Ci2Hi40sN6S.  Calculated  *7o:  S  10.38. 

Xmax  275-280,  322  mp;  293  mp. 
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Derivatives  of  2  -  A  ml  nop  y  r  a  z  ino -[  5 , 6  -  b]  -  P  y  r  ido -[  2 , 3  -  d]-Thiazole 

2-Aminopyrazino-[5,6-b]-pyrido-[2,3-d]-thlazole  (III).  A  hot  solution  of  0.64  g  of  2,5,6-trianiinopyrido- 
[2,3-d]-thiazole  in  10  ml  of  water  was  mixed  with  a  hot  solution  of  1.15  g  of  the  bisulfite  derivative  of  glyoxal 
in  85  ml  of  water  and  the  mixture  was  heated  for  two  hours  on  a  steam  bath.  On  cooling,  the  resulting  crystalline 
precipitate,  which  had  a  yellow  color,  was  filtered  off,  washed  with  water,  alcohol  and  ether,  and  dried  in  air. 
The  weight  of  the  precipitate  was  0.64  g;  it  was  poorly  soluble  in  water  and  alcohol,  readily  soluble  in  hot 
ethylene  glycol.  It  was  recrystallized  from  ethylene  glycol.  For  analysis  it  was  recrystallized  once  more  from 
a  large  volume  of  water.  Light  yellow  needles  which  decomposed  above  300*  without  melting. 

2-Amino-6,7-dimethylpyrazino-[6,6-b]-pyrido-[2,3-d]-thiazole  (  VI).  To  a  hot  solution  of  0.45  g  of 
2,5,6-triaminopyrido-[2,3-d]-thiazole  in  20  ml  of  70<7c  alcohol  we  added  a  solution  of  0.3  g  of  diacetyl  in  10  ml 
of  alcohol.  The  mixture  was  refluxed  for  one  hour  on  a  water  bath  and  the  resulting  precipitate  (0.56  g)  was 
filtered  off,  washed  with  alcohol  and  ether  and  dried  in  air.  The  compound  was  poorly  soluble  in  water,  alcohol 
and  other  organic  solvents.  It  was  recrystallized  from  ethylene  glycol  for  purification.  It  formed  light  yellow 
needles  which  did  not  melt  at  320*.  Its  alcoholic  and  aqueous  solutions  fluoresced  in  light. 

Compounds  (VII-XI)  in  the  table  were  prepared  similarly. 

2-Amino-5,6-dihydroxypyrazino-[5,6-b]-pyrido-[2,3-d]-thiazole  (IV).  A  mixture  of  0.64  g  of  2,5,6- 
triaminopyrido-[2,3-d]-thiazole,  0.5  g  of  oxalic  acid  and  20  ml  of  15'7o  hydrochloric  acid  was  refluxed  for  two 
hours.  After  10-15  minutes  a  colorless  crystalline  precipitate  (0.6  g)  began  to  separate  from  the  solution.  It 
was  filtered  off,  washed  with  a  small  volume  of  cold  water,  alcohol  and  ether.  The  salt  was  dissolved  in  VJo 
solution  of  sodium  hydroxide,  the  solution  was  filtered  and  neutralized  with  VJo  acetic  acid  solution.  The  result¬ 
ing  precipitate  was  filtered  off  and  washed  with  water  and  alcohol.  This  operation  was  repeated  twice.  The 
amorphous  light  yellow  powder  did  not  melt  at  300*.  Its  aqueous  and  alcoholic  solutions  fluoresced. 

SUMMARY 

1.  2,5-Diamino-6-nitropyrido-[2,3-d]-thiazole  was  prepared  by  thiocyanation  of  2,6-diamino-3-nitro- 
pyridine.  By  the  reduction  of  this  compound  there  was  obtained  2,5,6-triaminopyrido-[2,3-d]-thiazole. 

2.  By  condensationof2,5,6-triaminopyrido^2,3-d]-thiazole  with  a-dicarbonyl  compounds  a  series  of 
derivatives  of  2-aminopyrazino-[6,6-b]-pyrido-[2,3-d]-thiazole  was  prepared. 
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2-DIPHENYL  AC  ETYL-1.3-INDANEDIONE 


la.  K.  Ozol,  V.  N.  Zelmen  and  G.  la.  Vanags 


Recently  there  appeared  an  interest  in  2-substituted  1,3-indanediones  in  connection  with  the  physiological 
activity  shown  by  them.  According  to  literature  data,  some  of  these  compounds  have  antibacterial,  others  - 
insecticidal  activity.  2-Phenylindanedione  is  an  active  blood  anticoagulant  and  is  already  being  used  in  practice. 
An  even  more  active  blood  anticoagulant  is  2-diphenylacetyl-l,3-indanedione  (I).  It  differs  from  the  other 
blood  anticoagulants  in  use,  such  as  dicoumarol  or  phenylindanedione,  by  the  fact  that  in  even  small  doses  it 
causes  a  considerable  drop  of  the  prothrombin  level  of  the  blood.  In  addition,  it  was  discovered  that  diphenyl- 
acetylindanedione  is  a  valuble  substance  for  control  of  rodent  pests. 

/CO\ 

CgH/  )CHC0CH(C6H5)2 
(I) 

EXPERIMENTAL 

Diphenylacetylindanedione  was  prepared. by  condensation  of  dimethyl-  or  diethyl -phthalate  with  diphenyl- 
acetone  by  the  general  method  of  Claisen.  The  best  result  -  yield  of  42  ^jo  —  was  obtained  in  running  the  con¬ 
densation  in  1 : 1.3  molar  ratio  of  diphenylacetone  and  dimethyl  phthalate  [1].  In  its  general  lines  the  analogous 
synthesis  has  been  described  in  an  American  patent,  which  indicated  a  yield  of  37*70  [2]. 

Diphenylacetylindanedione  is  a  yellow  crystalline  substance  with  m.p.  146-147*  (with  decomposition).  It 
is  soluble  in  the  usual  organic  solvents,  for  example  alcohol,  acetone,  chloroform,  carbon  tetrachloride,  benzene, 
toluene,  glacial  acetic  acid  and  others:  it  may  be  recrystallized  from  these  solutions.  Diphenylacetylindanedione 
at  first  separates  from  its  solution  in  acetone  in  the  form  of  needle-shaped  crystals  which  after  standing  in  acetone 
are  transformed  rather  rapidly  (0.5-1  hour)  into  large  yellow,  well-formed  prismatic  crystals. 
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The  density  of  the  crystals  of  2-diphenylacetyl-l,3- 
indanedione  was  determined  pycnometrically  by  using  water 
as  the  filling  liquid.  Since  the  crystals  are  somewhat  soluble 
in  water,  the  resulting  value  of  density  was  not  accurate: 
djo  1.35  ±  0.10  g/cm*. 

Crystals  of  2-diphenylacetyl-l,3-indanedione  show  oblique 
extinction  under  polarized  light  in  one  of  the  crystallographic 
directions,  which  indicates  the  relationship  of  the  crystals  to 
monoclinic  syngony. 

Goniometric  data  on  the  crystals  are  shown  in  the  table. 

It  follows  from  the  goniometric  measurements  that 
crystals  of  2-diphenylacetyl-l,3-indanedione  belong  to  the 
prismatic  class  of  monoclinic  syngony  (see  figure). 

The  monoclinic  angle  0  =  95*13’ ±  10'.  The  ratio  of 
crystallographic  axes:  a:b:c  =  1.074:1:0.839. 

For  the  determination  of  parameters  of  the  elemental  cell 
there  were  taken  the  x-ray  patterns  of  rotation  of  the  mono- 
crystals  along  the  crystallographic  directions.  Copper  Ka  radia¬ 
tion  was  used. 


a=  13.24  A,  b  =  12.36  A,  c  =  10.35  A.  X-Ray  ratio  of  axes:  a  :  b :  c  =  1.071 : 1 : 0.837.  Volume  of 
elemental  cell  V  =  abc  sin  0  =  1694  A*. 


Four  molecules  fit  the  elemental  cell. 


„  VdN  1694.10-2^.1. 35. 0.602.102* 
M  -  340.36 


4.05  »  4. 


X-ray  density  d^  =  1.335  g/cm*. 


For  the  determination  of  the  translational  group  we  took  the  x-ray  patterns  of  rotation  along  directions  [110] 
and [011].  The  x-ray  diffraction  patterns  showed  that  the  stmcture  has  a  primitive  elemental  Brevet  cell. 


For  the  determination  of  the  space  group  of  symmetry,  we  took  the  Weisenbergograms  in  the  directions 
[010]  and  [100].  Among  the  existing  reflections  there  was  found  the  following  regularity:  hkl  -  no  limits,  hoi  - 
present  with  h  =  2n,  oko  -  present  with  k  =  2n. 

This  regularity  of  extinctions  singularly  determines  the  space  group  at  cfh  -  P*^/c. 


SUMMARY 

1.  By  condensation  of  dimethyl  phthalate  with  diphenylacetone  there  was  prepared  2-diphenylacetyl-l,3- 
indanedione  which,  according  to  the  literature  data,  is  a  strong  blood  anticoagulant.  Diphenylacetylindanedione 
crystallized  well  from  acetone  in  the  form  of  large  pale  yellow,  well-formed  crystals  (0.1-1 .5  mm)  with  m.p. 
146-147*. 

2.  Crystals  of  2-diphenylacetyl-l,3-indanedione  belong  to  the  prismatic  class  of  monoclinic  syngony: 

a  =  10.35  A,  b  =  12.36  A,  c  =  13.24  A,  0  =  95*13’ .  The  lattice  constants  were  determined  by  x-ray  diffrac¬ 
tion  patterns  with  rotation  of  the  crystals  under  copper  -radiation.  V  =  1694  A*;  Z  =  4.  The  space  group: 

C^h  -  P“/c- 
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SYNTHESIS  OF  2 -(  a  -  P  Y  RID  YL)  -  3(  e -H  Y  D  ROX  Y  E  T  H  YL)  - 1 ND  OL  E 


Ch8n  Chang-pai  R.  P.  Evstigneeva  and  N.  A.  Preobrazhenskii 


The  alkaloids  of  the  quinine  bark  are  subdivided  into  two  large  groups  of:  derivatives  of  quinoline  - 
quinine,  quinidine,  cinchonine,  cinchonidine  and  others,  and  derivatives  of  indole  -  cinchonamine  (I)  [1]  and 
quinamine  (II)  [2]. 


Syntheses  of  the  fundamental  alkaloids  of  the  quinoline  group,  including  quinine  itself,  have  been  realized 
at  the  present  time  [3].  Quinine  alkaloids  of  the  indole  structure  have  not  been  studied  sufficiently  in  the  syn¬ 
thetic  aspect,  although  they  represent  a  considerable  area  of  interest  owing  to  their  biogenetic  and  structural 
relationship  with  such  valuable  compounds,  in  the  physiological  sense,  as  reserpine  (serpasil),  yohimbine  etc. 

We  made  some  studies  directed  to  the  development  of  the  paths  of  synthesis  of  the  most  important  quinine 
alkaloid  of  the  indole  group  -  cinchonamine.  In  the  present  paper  is  described  the  preparation  of  the  analog  of 
cinchonamine,  2-(a-pyridyl)-3-(6  -hydroxyethyl) -indole  (III)  by  the  reaction  scheme  which  opens  the  way  to 
the  synthesis  of  cinchonamine  itself. 
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Fig.  1.  Ultraviolet  absorption  spectra  in 
alcohol  of  the  hydrochlorides  of  phenyl- 
hydrazones  of  a-pyridyl-w-hydroxypropyl 
ketone.  1)  a-Isomer,  2)  6  -isomer. 


Fig.  2.  Ultraviolet  absorption  spectrum 
in  alcohol  of  the  base  of  2-(a-pyrldyl)- 
3-(S'  -hydroxyethyl)-indole. 


Condensation  of  y  -butyrolactone  (IV)  with  ethyl  ester 
of  picolinic  acid  (V)  led  to  a-pyridoyl-y  -butyrolactone  (VI), 
which  on  being  heated  with  hydrochloric  acid  was  transformed 
into  a-pyridyl-w-hydroxypropyl  ketone  (VII).  The  phenyl- 
hydrazone  of  this  ketone  (VIII)  was  obtained  in  two  forms  of 
isomers  which  differed  in  physicochemical  properties.  They 
were  separated  by  the  chromatographic  route.  The  base  of  the 
a -isomer  was  eluted  much  more  readily  than  was  the  base  of 
the  6  -isomer.  Ultraviolet  absorption  spectra  of  the  isomeric 
phenylhydrazones  in  ethyl  alcohol  were  similar  to  each  other 
but  the  absorption  maxima  for  a -isomer  were  shifted  toward 
the  shorter  wavelengths  in  comparison  with  those  of  the  6  - 
isomer  (Fig.  1). 

The  6  -isomer  of  the  phenylhydrazone  has  a  more  basic 
character  in  comparison  with  the  a-isomer.  Thus,  in  the  pres¬ 
ence  of  an  insufficient  amount  of  hydrogen  chloride  the  8  -isomer 
reacts  first.  The  lesser  basicity  of  the  a-isomer  may  be  ex¬ 
plained  by  the  fact  that  hydrogen  at  a  secondary  nitrogen  and 
nitrogen  in  the  pyridine  ring  are  closely  disposed  relative  to 
each  other  and  between  them  the  formation  of  a  hydrogen  bond 
is  possible.  The  8  -isomer  of  the  phenylhydrazone  readily 
loses  one  mole  of  water  on  being  heated  in  vacuum,  which  is 
not  observed  for  the  a-isomer.  This  occurs,  evidently,  because 
in  the  8  -isomer  the  hydroxyl  group  and  the  hydrogen  at  the 
secondary  nitrogen  atom  are  close  to  each  other  and  can  be 
readily  cleaved  in  the  form  of  water  with  formation  of  a  com¬ 
pound  with  a  six-membered  ring  (XI).  In  accordance  with  this, 
the  a-isomer  must  be  assigned  the  syn-configuration  (IX),  while 
the  8 -isomer  should  have  the  anti -configuration  (X)  relative  to 
the  a-pyridyl  group. 
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The  a-isomer  of  phenylhydrazone  of  a-pyridyl-w-hydroxypropyl  ketone  could  not  be  transformed  into  an 
indole  derivative  despite  many  attempts  to  run  the  reaction  in  the  presence  of  various  catalysts  (hydrochloric 
acid,  sulfuric  acid,  hydrogen  chloride,  boron  trifluoride  in  acetic  acid,  boron  trifluoride  etherate).  On  heating 
the  hydrochloride  of  the  phenylhydrazone  of  a-pyrldyl-w-hydroxypropyl  ketone  (  8 -isomer)  with  concentrated 
hydrochloric  acid  we  isolated  2-(a-pyridyl)-3-(8' -hydroxyethyl)-indole  (III)  from  the  reaction  mixture.  The 
ultraviolet  absorption  spectrum  of  base  (III)  (Fig.  2)  indicates  the  presence  of  the  indole  ring  conjugated  with 
the  pyridine  ring. 

An  analogous  scheme,  based  on  the  condensation  of  y  -butyrolactone  with  the  ethyl  ester  of  3-vinylquinucll 
dine-6-carboxylic  acid,  permitted  us  to  accomplish  the  synthesis  of  the  alkaloid  cinchonamine. 
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EXPERIMENTAL 


1.  cic-(2-Pyrldoyl)- y  -butyrolactone  (  VI).  To  2.5  g  of  metallic  potassium  cut  into  small  pieces  in  25  ml 
of  dry  benzene  we  added,  over  10  minutes  with  stirring  and  external  cooling,  9.66  g  of  ethyl  ester  of  picolinic 
acid  (b.p.  110-112*  at  7  mm,  n®D  1.5096)  and  5.5  g  of  y  -butyrolactone  (b.p.  75-80*  at  7  mm,  n**D  1.4356). 

The  reaction  mixture  was  set  aside  for  one  hour  at  20-30*  after  which  it  was  heated  for  one  hour  on  a  steam 
bath.  Potassium  gradually  disappeared  during  the  reaction  and  the  solution  assumed  a  dark  brown  color.  The 
mixture  was  left  overnight.  Then  to  it  was  added  13  ml  of  cold  water.  The  benzene  layer  was  separated  and 
washed  with  water.  The  aqueous  layer  was  neutralized  with  acetic  acid  to  pH  7  and  extracted  with  chloroform. 
After  drying,  the  solvent  was  distilled  off  and  the  residue  was  distilled.  The  yield  was  6.65  g  (54.3<7o).  The 
substance  was  isolated  in  the  form  of  a  light  yellow  oil  from  which  colorless  crystals  separated  after  rubbing  with 
ether.  B.p.  144-149*  (0.3  mm),  m.p.  46,5-47.5*. 

Found  <7o:  C  62.60,  62.82;  H  4.51,  4.57;  N  7.49,  7.41.  CioHjOgN.  Calculated  <7o:  C  62.82;  H  4.74; 

N  7.32. 

Reineckate  of  a-(2-pyridoyl)-y  -butyrolactone  was  prepared  by  the  reaction  of  a-(2-pyridoyl)-  y  - 
butyrolactone  in  alcohol  with  the  Reinecke  salt  after  being  heated  on  a  water  bath  for  several  minutes.  The 
resulting  precipitate  was  recrystallized  from  water.  There  were  obtained  crystals,  colored  slightly  pink,  with 
m.p.  156-159*. 

Found  %:  N  19.56,  19.24.  Ci4Hi60sN7S4Cr.  Calculated  N  19.21. 

2.  Phenylhydrazones  of  a-pyridyl-oj-hydroxypropyl  ketone  (VIII).  a)  The  hydrochloride  of  the  mixture 
of  a-  and  6 -isomers  of  the  phenylhydrazones.  Heating  2.8  g  of  a-pyridoyl-y  -butyrolactone  and  20  ml  of  con- 
centrated  hydrochloric  acid  at  120-130"  until  the  evolution  of  carbon  dioxide  ceased  (about  40  minutes)  was 
followed  by  distillation  of  the  solvent  in  vacuum  at  40*.  The  crude  hydrochloride  of  a-pyridyl-w-hydroxypropyl 
ketone  was  dissolved  in  5  ml  of  anhydrous  methyl  alcohol  and  treated  with  1.58  g  of  phenylhydrazine  in  3  ml 

of  methyl  alcohol.  The  mixture  was  heated  on  a  water  bath  for  35  minutes  at  40-50*.  Gradually  a  crystalline 
yellow  precipitate  formed.  The  precipitate  was  filtered  off  on  the  following  day  and  washed  with  alcohol  and 
ether.  Yield:  3.87  g  (98  ^o).  M.p.  126-132*.  After  four  recrystallizations  from  anhydrous  alcohol  there  was 
obtained  the  hydrochloride  which  represents  the  mixture  of  two  isomers;  m.p.  167.5-168*. 

Found  <^o’.  C  61.94,  61.60;  H  6.11,  6.38;  N  14.30,  14.33.  CisHuONjCl.  Calculated  C  61.75; 

H  6.21;  N  14.40. 

b)  Hydrochloride  and  picrate  of  a-isomer  of  the  phenylhydrazone.  The  a-pyridoyl-y  -butyrolactone 
(4.7  g)  was  dissolved  in  34  ml  of  concentrated  hydrochloric  acid  and  heated  for  45  minutes  to  120-130*.  The 
hydrochloric  acid  was  distilled  off  in  vacuum.  The  residue  was  dissolved  in  5  ml  of  water,  saturated  with 
potassium  carbonate  and  extracted  with  75  ml  of  ether.  After  drying  over  sodium  sulfate,  the  ether  was  distilled. 
There  remained  a  light  brown  liquid.  The  yield  of  crude  a-pyridyl-w-hydroxypropyl  ketone  was  3.86  g(95o/o). 

A  mixture  of  1.48  g  of  a-pyridyl-w-hydroxypropyl  ketone,  0.78  g  of  phenylhydrazine  and  3  ml  of  absolute 
ether  was  set  aside  for  two  hours  at  25*,  after  which  it  was  kept  overnight  in  a  cooler.  The  resulting  crystals 
were  filtered  off.  Yield;  1.4  g  (89.6‘7o).  After  recrystallization  from  anhydrous  ethyl  alcohol  there  was  obtained 
the  a-isomer  of  the  phenylhydrazone  of  a-pyridyl-u-hydroxypropyl  ketone  in  the  form  of  needle-shaped  crystals 
with  yellow  color.  Yield:  0.49  g  (36.7‘7o):  m.p.  96-97*. 

Found  N  16.37,  16.25.  C16H17ON3.  Calculated  N  16.46. 

Hydrochloride  of  a-isomer  of  phenylhydrazone  of  a-pyridyl-oi-hydroxypropyl  ketone  was  isolated  in  the 
form  of  yellow  crystals,  readily  soluble  in  water,  and  less  soluble  in  alcohol  and  acetone,  and  insoluble  in 
ether  and  benzene.  M.p.  187-188*. 

Found  %:  C  61.87,  61.75;  H  6.27,  6.30;  N  14.56,  14.50.  CigH^sONjCl.  Calculated  %:  C  61.75; 

H  6.21;  N  14.40. 

Picrate  of  a-isomer  of  phenylhydrazone  of  a-pyridyl-a»-hydroxypropyl  ketone  -  brick  red  crystals  (from 
anhydrous  ethyl  alcohol).  M.p.  149-149.5*. 
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Found  loi  C  51.90,  62.18;  H  4.05,  4.13;  N  17.55,  17.48.  CjiHaOjNe.  Calculated  <7o:  C  52.06; 

H  4.16;  N  17.36. 

c)  Hydrochloride  of  phenylhydrazone  of  6 -isomer.  A  mixture  of  0.86  g  of  a-pyridyl-w-hydroxypropyl 
ketone,  0.57  g  of  phenylhydrazine  and  2  ml  of  absolute  ether  was  heated  at  80’  for  60  minutes,  after  which  it 
was  left  overnight.  The  crystals  were  filtered  off.  Yield:  1.3  g  (97%);  m.p.  52-56*. 

The  phenylhydrazone  (0.2  g)  was  left  overnight  in  a  desiccator  containing  a  few  drops  of  ether  saturated 
with  hydrogen  chloride.  On  the  next  day  the  precipitate  was  treated  with  dry  benzene.  There  remained  0.09  g 
of  benzene-insoluble  hydrochloride  of  phenylhydrazone  with  m.p.  256-257*.  After  recrystallization  from  an¬ 
hydrous  ethyl  alcohol  we  isolated  the  hydrochloride  of  6 -isomer  of  phenylhydrazoneof  a-pyridyl-cu-hydroxypropyl 
ketone  in  the  form  of  yellow  crystals;  m.p.  257-257.5* (with  decomposition). 

Found  %:  C  61.75,  62.08;  H  6.40,  6.11;  N  14.20,  14.28.  CigHnONjCl.  Calculated  %;  C  61.75; 

H  6.21;  N  14.40. 

From  the  benzene  solution  we  obtained  0.1  g  of  a  base  with  m.p.  67-75*,  which  was  changed  to  the  hydro¬ 
chloride.  After  recrystallization  from  anhydrous  ethyl  alcohol  we  isolated  0.03  g  of  the  hydrochloride  of  a- 
isomer  of  phenylhydrazone  of  a-pyridyl-cu-hydroxypropyl  ketone  with  m.p.  187-188*. 

3.  Chromatographic  separation  of  isomeric  phenylhydrazones  of  a-pyridyl-tu-hydroxypropyl  ketones. 

The  hydrochloride  (0.65  g)  of  phenylhydrazone  of  a-pyridyl-tu-hydroxypropyl  ketone  (from  experiment  a)  was 
dissolved  in  water,  treated  with  a  sodium  hydroxide  solution  and  extracted  with  benzene.  After  drying  with 
sodium  sulfate,  the  benzene  extract  was  passed  through  a  column  (20  cm  in  height  and  1.1  cm  diameter)  filled 
with  aluminum  oxide.  The  phenylhydrazone  base  adsorbed  in  the  upper  zone  of  the  column  with  formation  of  a 
dark  yellow  band.  The  column  was  washed  first  with  20  ml  of  a  mixture  of  ethyl  alcohol  and  benzene  (1;  1). 

A  red  band  passed  downward.  Then  the  column  was  washed  with  ethyl  alcohol,  whereupon  a  yellow  band  passed 
downward  at  a  lower  rate.  After  this,  the  column  was  washed  with  methyl  alcohol,  and  another  yellow  band 
passed  downward.  From  the  benzene-alcohol  fraction,  after  distillation  of  the  solvents,  there  was  isolated  0.16  g 
of  red  amorphous  substance  which  was  transformed  into  the  hydrochloride.  After  recrystallization  from  anhydrous 
ethyl  alcohol  we  isolated  0.07  g  of  a-isomer  of  the  phenylhydrazone.  This  substance,  after  being  dried  at  100* 
at  2  mm,  was  unchanged  and  had  m.p.  187-188*. 

From  tile  alcohol  fraction,  after  distillation  of  the  solvent,  we  obtained  0.076  g  of  a  hygroscopic  red  amor¬ 
phous  substance  from  which  was  isolated  0.014  g  of  hydrochloride  of  8 -isomer  of  phenylhydrazone  of  a-pyridyl- 
w-hydroxypropyl  ketone  with  m.p.  257-257.5*.  The  substance  after  being  dried  for  one  hour  at  110*  and  2  mm 
lost  one  mole  of  water.  M.p.  257-258". 

Found  %:  C  65.49;  H  6.11;  N  15.29.  C15H16N3CI.  Calculated  %:  C  65.79;  H  5.88;  N  15.34. 

4.  2-(a-Pyridyl)-3-(  8'- hydroxyethyl)-indole  (III).  The  hydrochloride  of  phenylhydrazone  of  a-pyridyl- 
cu-hydroxypropyl  ketone  with  m.p.  257-259"  (0.3  g;  8 -isomer)  was  dissolved  in  8  ml  of  concentrated  hydro¬ 
chloric  acid  and  heated  for  three  hours  at  120-130*.  The  reaction  mixture  assumed  a  brown  color.  Hydrochloric 
acid  was  distilled  in  vacuum.  The  residue  was  dissolved  in  4  ml  of  water,  made  alkaline  with  sodium  hydroxide 
solution,  whereupon  0.23  g  of  a  brown  precipitate  formed,  which  was  recrystallized  from  dry  acetone.  The  sub¬ 
stance  crystallized  with  a  molecule  of  the  solvent.  M.p.  107-110*  (changes  at  80"). 

Found  %:  N  9.44.  Ci5Hi401't  •  QHeO.  Calculated  %:  N  9.45. 

Picrate  of  2-(a-pyridyl)-3-(8' -hydroxyethyl)-indole  was  obtained  by  treatment  of  an  alcoholic  solution 
of  the  base  with  an  alcoholic  solution  of  picric  acid.  After  two  recrystallizations  from  alcohol  we  obtained 
the  picrate  of  2-(a-pyridyl)-3-(8’ -hydroxyethyl)-indole  in  the  form  of  yellow  crystals.  M.p.  238.5-239.5*. 

Found  %:  C  53.70,  54.20;  H  3.81,  3.63;  N  14.63,  14.85.  CziHiyOgNs.  Calculated  %:  C  53.95; 

H  3.66;  N  14.98. 

SUMMA  RY 

The  scheme  of  a  synthesis  of  2-(a-pyridyl)-3-(6 -hydroxyethyl)-indole  was  developed  which  permits  the 
realization  of  synthesis  of  the  alkaloid  cinchonamine. 
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COMPARATIVE  STUDY  OF  CHEMICAL  STRUCTURE  OF  SKB  RUBBER 


AND  SKBM  RUBBER  BY  THE  METHOD  OF  OZONOLYSIS 
A.  I.  lakubchik,  A.  I.  Spasskova,  A.  G.  Zak  and  I.  E.  Shostatskaia 


The  properties  of  butadiene  rubbers  are  closely  related  to  the  conditions  of  running  the  poly¬ 
merization  process  and  the  nature  of  the  initiator  used.  In  USSR  there  are  being  manufactured  three  kinds  of 
butadiene  rubbers  prepared  in  the  presence  of  alkali  metals:  sodium-butadiene  rubber  (SKB),  potassium- 
butadiene  (SKV)  and  lithium-butadiene  (SKBM)  rubbers.  The  significant  difference  between  them  consists  of 
the  fact  that  rubber  SKBM  has  a  lower  glazing  temperature  than  rubber  SKB  and  has  higher  elastic  properties. 

Rubber  SKV  in  its  properties  occupies  an  intermediate  position  between  SKB  and  SKBM  [1].  The  glazing  tem¬ 
perature  and  the  elasticity  of  butadiene  rubbers  are  determined  by  the  ratio  of  1,4-  and  1,2-links  in  them. 

Butadiene  rubbers  having  frost-resistance  are  characterized  by  a  lowered  percentage  of  the  1,2-links  [2].  The 
chemical  structure  of  butadiene  rubbers  is  determined  not  only  by  the  percentage  of  the  1,4-  and  the  1,2-links 
but  also  by  the  mutual  disposition  of  these  links  in  the  polymer  and  is  but  one  of  the  factors  which  determine 
the  properties  of  the  rubbers.  In  the  study  of  structure  of  various  butadiene  rubbers  there  were  established  the 
areas  formed  by  combination  of  butadiene  molecules  in  the  positions  :  -1,4-1, 4-,  -1,4-1, 2-1,4-,  -1,4 -(-1,2- )2- 
1,4-,  and  -1, 4-1,4-  with  branching  at  the  a-methylene  group  [3-5].  The  magnitude  of  these  areas  depends  on 
the  conditions  of  formation  of  the  polymers. 

We  ran  a  comparative  study  of  the  chemical  structure  of  rubbers  SKB  and  SKBM  differing  from  each  other 
in  frost-resistance.  The  chemical  stmcture  of  the  rubbers  was  studied  by  ozonolysis  method.  For  separation  of 
the  acids,  obtained  after  oxidative  decomposition  of  the  ozonides,  we  used  the  method  of  partition  chromatography. 
Chromatograms  of  acidic  products  of  ozonolysis  of  the  mbbers  under  investigation  were  obtained.  On  the  basis 
of  these  chromatograms  and  the  chemical  characterization  of  some  of  the  acids  in  the  ozonolysis  products,  the 
following  acids  were  established:  succinic,  butane-l,2,4-tricarboxylic,  propane-l,2,3-tricarboxylic,  hexane- 
1, x,y,6-tetracarboxylic,  formic  and  levulinic*  whih  were  found  also  in  the  products  of  ozonolysis  of  other 
butadiene  rubbers  [3-5].  On  Figures  1-4  are  shown  the  chromatograms  of  acids  isolated  from  ozonolysis  products 
of  the  rubbers  being  studied.  On  the  chromatograms  there  is  calculated  the  percentage  of  the  hydrocarbon  skeleton 
of  the  rubbers  in  the  areas  of  the  different  structures.  The  results  are  collected  in  Table  1. 

In  the  products  of  oxidative  decomposition  of  the  ozonides  there  was  77*70  of  the  carbon  skeleton  of  rubber 
SKB  and  82.6%  of  carbon  skeleton  of  rubber  SKBM.  In  areas  of  known  structure  there  was  47.1%  of  the  carbon 
skeleton  of  SKB  rubber  and  54.6%  of  the  carbon  skeleton  of  SKBM  rubber.  The  unaccounted-for  carbon  skeleton 
of  the  rubbers  was  contained  in  acids  whose  structure  was  not  determined  and  to  which  the  peaks:  I,  V,  X  and 
XI  (in  Fig.  1,  chromatogram  1)  and  I,  IV  and  IX  (Fig.  2,  chromatogram  1),  correspond  in  the  chromatograms  as 
well  as  in  formic  acid,  which  distilled  with  the  solvent  from  the  products  of  oxidative  decomposition  of  the  ozon¬ 
ides,  in  neutral  and  gaseous  products  which  were  not  studied  by  us  and  in  acetic  acid.  Acetic  acid  may  form  in 
isomerization  of  the  areas  with  external  double  bonds  [5]  and  in  decomposition  of  levulinic  acid  in  acid  medium. 
Acetic  acid  was  not  taken  into  account  by  us  since  the  oxidative  decomposition  of  the  ozonides  was  run  in  the 
medium  of  glacial  acetic  acid.  In  rubber  SKBM  the  same  structure  of  the  units  was  found  as  in  SKB. 


•Levulinic  acid  was  found  only  in  the  products  of  ozonolysis  of  rubber  SKB.  In  ozonolysis  products  there  may 
exist  three  isomeric  hexanetetracarboxylic  acids:  hexane-1,2,4,6-,  hexane-1,3,5,6-,  and  hexane-1, 2,5,6- 
tetracarboxylic  acids  formed  respectively  from  areas  of:  -l,4-(l,2-)2-l,4-,  -1,4-1,2-2,1-1,4-,  and  -1,4-2, 
1-1,2-1,4-. 
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TABLE  1 


Name 

Structure  of  area  of 

%hydrocar-  \(j]g  of  additions  of  butadiene 

o“b“be^l‘” 
in  these  areas*® 

polymer  from  which 
the  acid  formed 

_ SKB _ 1 

SKBM' 

SKB 

SKBM 

1.4 

1.2 

1.4 

1.2 

Levulinic 

Succinic 

Butane- 1,2 , 4-tri- 
carboxylic 

Propane- 1 ,2 ,3  -  tri- 
carboxylic 

Hexane- l,x,y  ,6- 
tetracarboxylic 

— 1,4— 1,2— 1,4— 

— 1,4— 1,4— 

-1,4-1,2-1,4- 

—1,4— 1,4—  with 
branching  at  a -methyl¬ 
ene  group  •  • 

-l,4-(-1.2-)-l,4- 

7.fi 

11.1 

14.8 

7.5 

6.1 

24.0 

22.0 

4.7 

3.9 

3.8 

11.1 

7.4 

7.5 

2.0 

3.8 

7.4 

4.1 

24.0 

11.0 

4.7 

1.3 

11.0 

2.6 

Total 

47.1 

54.6 

31.8 

15.3 

41.9 

13.6 

•In  addition,  propane-1,2, 3-tricarboxylic  acid  may  form  from  areas  1,4-1, 2-1, 4 
as  the  abnormal  product  of  ozonolysis  [5]. 


Fig.  1.  Chromatogram  of  separation  of  viscous  acids  from  products  of  ozonolysis 
of  rubber  SKB  (1)  and  mixture  of  acids  (2). 

in  -  Acetic,  IV  -  formic,  VI  -  succinic,  vn  -  butane-l,2,4-tricarboxylic, 

Vni  —  propane -1,2, 3 -tricarboxylic  acids. 


It  is  evident  from  the  data  in  Table  1  that  the  percentage  of  carbon  skeleton  of  the  rubber  in  areas  of 
*1.4-1, 4-  and  -1,4-1,2-1,4-  in  rubber  SKBM  Is  greater  than  in  rubber  SKB.  The  structure  of  SKBM  rubber  is 
more  regular  and  approaches  closer  to  linear.  Evidently  this  is  one  of  the  factors  which  determine  frost-resistance 
The  glazi  ng  temperature  of  rubber  SKB  was  found  to  be  -51.5*,  that  of  rubber  SKBM  -72.2*  [2]. 
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EXPERIMENTAL 


Butadiene  rubbers  SKB  and  SKBM  were  obtained  by  polymerization  of  butadiene  by  the  technique  of  rod- 
less  polymerization.  The  rubbers  were  freed  of  antioxidant  and  low-molecular  weight  fractions  by  dissolution  in 
benzene  with  a  subsequent  double  reprecipitation  from  l°lo  benzene  solution  with  ethyl  alcohol.  After  this,  the 
rubbers  were  dried  under  2  mm  vacuum  to  a  constant  weight.  The  purification,  drying  and  storage  of  the  rubbers 
were  done  in  the  atmosphere  of  pure  nitrogen  [6]. 

In  rubber  SKB  we  found  C  84.45,  84.29t  H  11.06,  11.21. 

In  rubber  SKBM  we  found  C  87.17,  87.16;  H  11.37,  11.11.  (C4H6)x.  Calculated  C  88.89,  H  11.11. 


Volume  of  effluent  solvent  developer  (in  ml) 

Fig.  2.  Chromatogram  of  separation  of  viscous  acids  from 
products  of  ozonolysis  of  rubber  SKBM  (1)  and  mixture  of 
acids  (2).  II -Acetic,  HI  -  formic,  V  -  succinic,  VI- 
butane-l,2,4-tricarboxylic,  VII  -  propane-1, 2-3-tricarbox- 
ylic  acids. 

Ozonization  of  the.  rubbers  was  run  in  ethyl  acetate  at  -25*  with  ozonized  oxygen.  The  ozone  concen¬ 
tration  in  oxygen  passing  from  the  ozonizer  was  S’Jo.  Twenty  five  g  of  the  rubber  was  ozonized,  for  SKB  rubber, 
and  9.8  g  of  SKBM  rubber.  In  each  experiment  about  2-2.5  g  of  rubber  was  ozonized.  There  were  obtained 
ozonides  which  were  soluble  in  ethyl  acetate.  The  solvent  was  distilled  from  the  ozonide  by  blowing  with  dry 
air  at  14-10  mm  and  20®.  Decomposition  of  the  ozonides  was  done  with  acetyl  hydroperoxide  in  a  solution  of 
glacial  acetic  acid  with  cooling  to  0®  [7].  Acetyl  hydroperoxide  was  added  to  the  ozonide  solution  gradually, 
with  the  ratio  of  1  atom  of  active  oxygen  per  1  double  bond  in  the  rubber  taken  for  the  ozonization;  after  one 
day  we  added  a  double  volume  of  the  hydroperoxide  and  the  mixture  was  left  for  several  days  until  a  complete 
decomposition  of  the  ozonides  occurred.  Excess  acetyl  hydroperoxide  was  destroyed  by  platinum  black.  Acetic 
acid  was  distilled  from  the  products  of  oxidative  decomposition  of  the  ozonides  at  4  mm  at  30®  (water  bath 
temperature)  to  a  constant  weight  of  the  residual  acids.  The  products  of  decomposition  of  the  ozonides  had  the 
form  of  a  mixture  of  viscous  and  crystalline  substances.  The  crystalline  acids  were  separated  from  the  viscous 
ones  by  dissolution  of  the  latter  in  diethyl  ether.  After  removal  of  the  diethyl  ether  we  obtained  37.7  g  of 
viscous  and  3.7  g  of  crystalline  acids  from  ozonization  of  rubber  SKB  and  11.7  g  of  viscous  and  4.1  g  of  crys¬ 
talline  acids  from  ozonization  of  rubber  SKBM.  In  the  resulting  acids  we  found  16.4  g  of  carbon  or  77*55)  of  carbon 
skeleton  of  rubber  SKB  and  7.0  g  of  carbon  or  82.6%  of  carbon  skeleton  of  rubber  SKBM.  The  melting  point  of 
the  crystalline  acids,  isolated  from  the  products  of  ozonolysis  of  the  rubbers  under  study,  was  183®  after  recrys¬ 
tallization  from  hot  water.  Mixed  melting  point  with  succinic  acid  (m.p.  183*)  was  also  183®.  Separation  of 
the  acids  was  done  chroma tographically  on  silica  gel  of  mark  MSK  (fine  silica  gel,  roughly  porous),  as  described 
previously  [4,  8].  For  separation  of  the  acid  mixture  of  the  products  of  ozonolysis  of  rubber  SKB  we  used  a 
medium  column  of  400  mm  in  height  and  inner  diameter  of  18  mm  into  which  was  placed  25  g  of  the  silica  gel 
(100-150  mesh)  preliminarily  rubbed-up  with  25  ml  of  water.  For  separation  of  the  acid  mixture  from  rubber 
SKBM  we  used  the  small  column  (height  300  mm,  inner  diameter  12  mm)  into  which  was  placed  12  g  of  the 
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Volume  of  effluent  developer  (in  ml) 

Fig.  3.  Chromatogram  of  separation  of 
crystalline  acids  isolated  from  the  products 
of  ozonolysis  of  rubber  SKB. 

II  —  Acetic,  ni  -  succinic,  IV  —  butane- 
1,2,4-tricarboxylic  acids. 


Volume  of  effluent  developer  (in  ml) 


Fig.  4.  Chromatogram  of  separation  of  crys¬ 
talline  acids  isolated  from  the  products  of 
ozonolysis  of  rubber  SKBM. 
n  —  Acetic,  in  —  formic,  V  —  succinic, 

VI  —  butane-1,2, 4-tricarboxylic. 


silica  gel.  By  gradual  selection  of  polarities  of  the 
mobile  solvent  for  each  mixture  of  the  acids,  there  was 
developed  a  system  under  which  the  acid  mixtures  under 
investigation  were  separated  sufficiently  clearly. 

The  chromatograms  of  separation  of  the  viscous 
acids  of  the  ozonolysis  products  of  rubbers  SKB  and  SKBM 
are  shown  on  Figures  1  and  2. 

Under  the  same  conditions  we  ran  the  separation 
of  crystalline  acids  (Figs.  3  and  4)  and  acetic  acid 
distilled  from  the  products  of  decomposition  of  the  ozonides 
of  the  rubbers  being  studied. 

Succinic  acid  predominated  in  the  crystalline  acids, 
and  other  acids  were  present  in  them  in  only  very  insigni¬ 
ficant  amounts.  In  the  acetic  acid,  distilled  from  the 
products  of  decomposition  of  the  ozonides,  no  other  acid 
was  present.  For  resolution  of  the  chromatogram  of  the 
viscous  acids  isolated  from  the  products  of  ozonolysis 
of  the  rubbers  under  study  we  took  chromatograms  of  a 
mixture  of  the  following  acids:  levulinic,  acetic,  formic, 
succinic,  butane-1, 2,4-tricarboxylic,  propane-1, 2,3-tri- 
carboxylic,  which  had  been  previously  established  in  the 
products  of  ozonolysis  of  butadiene  rubbers  [3-5]  (see 
Figs.  1  and  2,  chromatogram  2).  Separation  of  the  acids 
was  done  with  the  same  system  of  development  and  with 
the  same  columns.  The  acids  were  identified  by  the 
volume  peaks  and  by  the  thresholds  of  elution  [9,  10]. 

In  superposition  of  the  chromatograms  of  the  acid  mixture 
and  of  the  mixed  acids  under  study  it  is  evident  that  the 
elution  thresholds  of  the  acids  coincide  and  the  order  in 
which  the  acids  pass  from  the  column  is  always  preserved. 
The  peaks  of  the  volumes  of  the  acids  at  times  do  not 
coincide  somewhat  which  might  be  the  result  of  insufficient 
preservation  of  identical  conditions  during  the  taking  of  the 
chromatograms,  as  for  example  by  the  difference  in  the 
rate  of  passage  of  the  mobile  solvent. 

It  follows  from  Fig.  1  that  on  the  chromatogram  of 
the  mixture  of  acids  being  studied  —  products  of  oxidative 
decomposition  of  ozonide  of  rubber  SKB,  peak  II  corresponds 
to  levulinic,  peak  III  —  to  acetic,  peak  IV  —  to  formic, 
peak  VI  -  to  succinic,  peak  vn  -  to  butane-l,2,4-tri- 
carboxylic,  peak  Vni  -  to  propane-l,2,3-tricarboxylic, 
peak  IX  -  to  hexane-1, x,y,6-tricarboxylic  acids.*  In 
peaks  I,  V,  X  and  XI  the  nature  of  the  acids  was  not  estab¬ 
lished. 

It  follows  from  Fig.  2  that  in  the  chromatogram  of 
the  mixture  of  acids  from  the  products  of  oxidative  de¬ 
composition  of  the  ozonide  of  rubber  SKBM  peak  II  corres¬ 
ponds  to  acetic  acid,  peak  III  -  to  formic,  peak  V  -  to 


•In  chromatographic  separation  of  the  products  of  ozonolysis  of  sodium -butadiene  rubber  it  was  established  that 
the  acid  which  passes  in  the  elution  of  the  column  with  5<7o  butanol  is  levulinic  acid,  and  with  40%  butanol  - 
hexane-l,x,y,6-tetracarboxyllc  acid  [4,  8]. 
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TABLE  2 


Name  of  acid 

Melting  point 

Neutralization 

equivalent 

Silver  content  in 
the  salt  (%) 

found 

literature 

data 

found 

calcu¬ 

lated 

found 

calcu¬ 

lated 

Succinic 

183° 

182.8°  («! 

59.2 

59.0 

65.2 

65.0 

Butane-l,2,4-tri- 

carboxylic 

116-117 

116— 120l»2| 

62.9 

63.3 

— 

Propane- 1 ,2 ,3  -  tri¬ 
carboxylic 

157-158 

157-158  [fi], 
11.0—161(13) 

58.0 

58.6 

64.8 

65.2 

TABLE  3 


1 

Rubber  SKB 

Name  of  acid 

1  amount  (in  g)  | 

%  carbon 

acids  in  pro¬ 
ducts  ofozo- 
nolysis 

carbon  in 
the  acid 

skeleton  of 
rubber  found 
in  the  acid 

Levulinic 

1.95 

1.00 

4.7 

Succinic 

6.01 

2.44 

11.1 

Butane- 1,2, 4-tri- 

6.36 

carboxylic 

2.65 

13.0 

Propane-1. 2, 3-tri- 

3.88 

1.59 

7.5 

carboxylic 

Hexane- l,x,y,6-tetra- 
carboxylic 

2.38 

1.09 

5.1 

TABLE  4 


Rubber  SKBM 

Name  of  acid 

amount  (in  g) 

^  carbon 
skeleton  of 
rubber  found 
in  the  acid 

acids  in 

ozonolysis 

products 

carbon  in 

the  acid 

Succinic 

5.00 

2.04 

24.0 

Butane-l,2,4-tri- 

carboxyiic 

3.73 

1.65 

19.3 

Propane- 1,2 ,3 -tri¬ 
carboxylic 

1.02 

0.40 

4.7 

Hexane- l.x,y,6-tetra- 
carboxylic 

0.61 

0.28 

3.3 

succinic,  peak  VI  —  to  butane-1, 2,4-tricarboxylic,  peak  Vn  -  to  propane-1, 2,3-tricarboxylic,  peak  vni  -  to 
hexane-l,x,y,6-tetracarboxylic  acids.  Peaks  I,  IV  and  IX  were  not  identified. 

Chromatographic  characterization  of  the  acids  was  confirmed  by  the  data  of  chemical  analysis.  For  this 
we  collected  the  peaks  which  corresponded  to  succinic,  butane-1,2, 4-tricarboxylic  and  propane-1,2, 3-tri- 
carboxylic  acids.  Butyl  alcohol  and  chloroform  were  distilled  from  the  isolated  acids  at  1  mm  and  30*.  The 
acids,  represented  by  crystalline  substances,  were  washed  free  of  the  residual  butanol  with  diethyl  ether,  dried 
in  a  vacuum  desiccator  and  characterized.  The  data  on  the  chemical  characterization  of  the  acids  are  shown 
in  Table  2. 
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From  the  chromatograms  of  separation  of  the  viscous  and  the  crystalline  acids  we  calculated  the  amounts 
of  each  acid  in  the  products  of  oxidative  decomposition  of  ozonides  of  the  rubbers  being  studied  and  the  per¬ 
centage  of  the  carbon  skeleton  of  the  rubbers  as  found  in  the  acids.  The  results  are  shown  in  Tables  3  and  4. 

The  amount  of  external  double  bonds  was  calculated  on  the  basis  of  the  quantitative  determination  of 
formic  acid  in  the  ozonolysis  products,  and  that  of  formaldehyde  [14].  In  rubber  SKB  there  was  found  49*^,  in 
rubber  SKBM  38^,  of  links  with  external  double  bonds.  The  total  unsaturation  of  rubber  SKB  was  determined  by 
the  reaction  with  iodine  bromide  [15]  and  was  found  equal  to  86.7%.  The  unsaturation  of  rubber  SKBM  was  not 
determined  since  it  was  totally  insoluble. 


SUMMARY 

1.  In  rubber  SKBM  we  found  areas  of  the  same  structure  as  in  rubber  SKB,  but  in  rubber  SKBM  the  per¬ 
centage  of  the  carbon  skeleton  of  the  rubber  in  areas  of  -1,4-1, 4-  and  -1,4-1, 2-1, 4-  is  greater  than  in  rubber 
SKB. 


2.  The  structure  of  SKBM  rubber  is  more  regular.  Evidently,  the  regularity  of  its  structure  is  one  of  the 
factors  which  determine  its  frost-resistance. 
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CATALYTIC  IONIC  T  EL  O  M  E  RI Z  A  T I O  N 


II.  THE  COMPOSITION  OF  THE  FRACTION  OF  TERRENE  CHLORIDES  IN  THE 
PRODUCT  OF  TELOMERIZATION  OF  ISOPRENE  WITH  ITS  HYDROCHLORIDES. 

LINALYL  CHLORIDE 

K  .  V  .  L  e  e  t  s 


Prior  to  the  author's  work  [1,  2]  terpene  chlorides  were  synthesized  exclusively  from  the  corresponding 
terpenic  alcohols  fS-Q]  or  hydrocarbons  flOJ.  The  physical  constants  reported  by  different  authors  for  terpenic 
alcohols  of  a  given  structure  were  often  inconsistent.  It  would  therefore,  appear  that  the  alleged  terpenic 
alcohols  were  not  pure  substances  but  mixtures  of  various  isomers.  Especially  contradictory  were  the  data  for 
the  constants  of  compounds  to  which  the  structure  of  geranyl  chloride  and  linalyl  chloride  had  been  attributed. 
Conditions  for  the  synthesis  of  reputedly  pure  geranyl  and  linalyl  chlorides  from  linalool  were  published  recently 
[7,  11].  Raman  spectra  were  employed  in  those  studies  to  evaluate  the  purity  of  the  products  and  to  identify 
them. 


The  literature  has  hitherto  been  lacking  in  reliable  methods  of  chemical  analytis  that  might  have  assisted 
the  evaluation  of  the  purity  of  the  prepared  terpenic  chlorides.  We  carried  out  the  synthesis  of  a  number  of 
terpenic  chlorides  by  telomerization  of  isoprene  with  hydrochlorides  of  dienic  hydrocarbons  fl.  2]  and  we  worked 
out  a  method  of  chemical  determination  of  the  primary  allylic  chlorides  in  the  mixtures  |■12].  In  this  way  the 
problem  of  isolation  of  the  various  isomers  and  of  determination  of  their  purity  was  greatly  simplified. 

In  the  present  work  we  made  a  closer  study  of  the  composition  of  the  fraction  of  monoterpenic  chlorides 
(Cjo)  obtained  by  telomerization  of  isoprene  with  its  hydrochlorides  in  presence  of  stannic  chloride  as  catalyst 
[1,  2].  We  made  use  of  chemical,  physicochemical  and  physical  methods  of  analysis.  We  also  examined  the 
possibility  of  isolating  pure  chemical  substances  from  this  fraction. 

It  was  previously  established  [2]  that  the  main  components  of  the  fraction  under  investigation  are  geranyl 
chloride  and  a-terpinyl  chloride. 

The  investigation  was  facilitated  by  isolation  of  the  geranyl  chloride  from  the  mixture  in  the  form  of  its 
compound  with  hexamethylenetetramine  [2];  in  order  to  avoid  cleavage  of  the  elements  of  hydrogen  chloride 
by  the  action  of  hexamethylenetetramine,  the  reaction  was  conducted  at-  temperatures  not  higher  than  25®,  • 
using  a  quantity  of  hexamethylenetetramine  not  more  than  5<Vo  larger  than  the  quantity  of  geranyl  chloride  con¬ 
tained  in  the  mixture.  The  resulting  mixture  of  the  remaining  isomeric  terpenic  chlorides  was  subjected  to  care¬ 
ful  fractionation  in  vacuo  in  an  efficient  column.  Small  fractions  were  collected.  Each  fraction  was  analyzed 
for  refractive  index,  density,  chlorine  content,  number  of  double  bonds,  and  geranyl  chloride  content.  Results 
are  represented  in  Figure  1.  Examination  of  the  curves  indicates  the  presence  of  four  main  fractions  which  differ 
in  properties:  1st  fraction  (5<7o),  containing  a  mixture  of  terpenes  and  traces  of  terpenic  chlorides;  2nd  fraction 
(36'7r),  aliphatic  terpenic  chlorides  free  of  geranyl  chloride;  3rd  fraction,  cyclic  terpenic  chlorides  (3&^o)  con¬ 
taining  of  geranyl  chloride;  4th  fraction  aliphatic  terpene  dihydrochlorides  (20*70). 


•At  higher  temperatures  hydrogen  chloride  is  split  off  from  the  isomeric  terpenic  chlorides. 


3127 


-Cl, 

c=c 


%  Fraction  on  total  charge 
Fig.  1.  Rectification  of  residual  terpenic  chlorides. 


The  kinetics  of  saponification  of  the  2nd  fraction  was  studied  in  aqueous  acetone  solution  (using  NaHCOi 
and  also  PbCO|  in  presence  of  Pb(NOj)2  ),  and  the  kinetic  data  clearly  demonstrated  the  heterogeneity  of  the 
fraction  (Fig.  2).  Nearly  half  of  the  chloride  enters  into  the  saponification  reaction  in  the  course  of  30  minutes, 
but  more  than  10  hours  is  needed  for  saponification  of  the  whole  of  the  chloride.  It  was  subsequently  established 
that  when  saponification  is  conducted  at  room  temperature  in  an  emulsion  with  aqueous  NaHCQi  solution,  the 
reaction  is  substantially  completed  in  24  hours,  and  45‘7o  of  the  total  chloride  enters  into  reaction  (Fig.  2).  This 
observation  was  the  basis  of  development  of  a  method  of  determination  of  the  easily  saponifiable  chlorine  in 
terpenic  chlorides  (see  Experimental).  The  total  saponifiable  chlorine  was  determined  by  the  previously  des¬ 
cribed  method  of  saponification  of  the  chloride  with  boiling  aqueous  alcoholic  solution  of  Pb(NOj)2  [1].  Corres¬ 
ponding  analyses  of  the  adjacent  fractions  are  presented  in  Figure  2. 

We  see  from  Figure  2  that  in  the  2nd  fraction  of  aliphatic  chlorides  the  easily  saponifiable  chlorine  is 
concentrated  in  the  lower-boiling  portion,  and  the  difficultly  saponifiable  chlorine  in  the  higher-boiling  portion. 

This  fraction  was  subjected  to  fractional  saponification  with  the  objective  of  identification  of  the  individual 
components.  After  the  resulting  alcohols  had  been  bound  in  the  form  of  borates  with  the  help  of  butyl  borate  [13], 
a  difficultly  saponifiable  aliphatic  terpenic  chloride  (50<^  of  the  total)  was  separated  out  by  distillation.  The 
kinetics  of  its  saponification  was  studied.  It  was  also  redistilled  without  undergoing  any  change  in  properties. 

The  kinetic  behavior  and  the  behavior  on  redistillation  indicated  that  the  substance  was  pure.  Saponification  of 
this  chloride  gave  a  primary  aliphatic  terpenic  alcohol  with  the  constants  of  lavandulol,  so  that  the  stmcture  of 
lavandulyl  chloride  can  be  assigned  to  it  (see  table.  Compound  II).  The  presence  in  the  product  of  telomerization 
of  a  nonailylic  aliphatic  chloride  (lavandulyl  chloride)  indicates  that  isoprene hydrochlorides  in  part(8-l0^o)  add 
on  to  isoprene  contrary  to  the  Markovnikov  rule. 
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The  alcohols  isolated  from  the  boric  esters 
were  a  mixture  of  geraniol  and  linalool.  We  can 
therefore  conclude  that  the  easily  saponifiable 
fraction  of  the  aliphatic  terpenic  chlorides  con¬ 
sists  of  linalyl  chloride,  since  in  the  absence  of 
geranyl  chloride  the  alcohols  obtained  could  only 
have  been  formed  in  the  process  of  saponification 
of  linalyl  chloride  with  partial  allylic  rearrange¬ 
ment. 

The  cyclic  terpenic  chloride  fraction  (3rd 
fraction),  after  elimination  of  residues  of  geranyl 
chloride,  gave  a  90%  yield  of  a  terpenic  chloride 
whose  constants  corresponded  to  those  of  a-ter- 
pinyl  chloride  [9,  10],  On  saponification  it  gave 
crystalline  a-terpineol  with  m.p.  34.5*.  This 
result  affords  further  confirmation  of  the  forma¬ 
tion  of  a-terpinyl  chloride  on  telomerization  of 
isoprene  with  its  hydrochlorides  [2]. 

The  presence  of  the  dihydrochloride  of  an 
aliphatic  terpene  (4th  fraction)  in  the  mixture  - 
acetone  solution  at  60*;  3)  saponification  with  aqueous  a  dimer  of  the  initial  terpene  hydrochlorides  - 

solution  of  sodium  bicarbonate  in  emulsion  at  20*.  is  evidence  that  telomerization  of  isoprene  with 

its  hydrochlorides  is  accompanied  by  addition  of 
the  chlorides  to  the  allylic  double  bonds  of  the 

chlorides  themselves  (10<7o).  It  follows  that  a  large  excess  of  the  halogen  derivative  cannot  be  taken  in  order 
to  obtain  good  yields  of  the  primary  products  of  addition  of  the  allylic  type  to  isoprene  (geranyl  and  linalyl 
chlorides)  for  the  purpose  of  increasing  the  velocity  of  the  first  stage  of  the  telomerization  reaction  [1,  14].  If 
this  is  done,  the  velocity  of  formation  of  the  dimers  of  the  chlorides  would  also  increase.  The  desired  objective 
is  achieved  in  satisfactory  fashion  by  the  previously  proposed  cleavage  reaction  [1,  2]. 

It  is  necessary  to  point  out  that  only  one  of  the  chlorine  atoms  in  the  dichloride  molecule  undergoes  saponi¬ 
fication  (Fig.  1). 

Attempts  to  rectify  the  mixture  of  terpenic  chlorides  without  preliminary  elimination  of  geranyl  chloride 
were  unsuccessful,  since  partial  decomposition  occurred  with  evolution  of  hydrogen  chloride.  Most  of  the  geranyl 
cliloride  broke  down.* 

Analysis  of  the  resulting  fractions  showed,  however,  a  fairly  high  content  of  easily  saponifiable  chlorine. 
This  points  to  partial  isomerization  of  geranyl  chloride  to  linalyl  chloride  during  slow  distillation.  On  this  basis, 
tlie  method  of  preparation  of  pure  linalyl  chloride  described  below  was  developed. 

A  low  boiling  fraction  containing  a  mixture  of  linalyl  and  lavandulyl  chlorides  was  separated  from  the 
mixture  of  terpenic  chlorides  by  rapid  rectification,  so  that  the  residue  in  the  still  consisted  of  all  of  tiie  remain¬ 
ing  chlorides  —  geranyl  chloride,  terpinyl  chloride  and  dichlorides.  The  residue  was  thereupon  heated  to  120- 
130*  in  a  still  with  an  efficient  column  and  a  solid  condensation  head,  the  fraction  with  b.p.  58-62*  (4  mm) 
being  slowly  collected.  Redistillation  of  the  distillate  gave  three  fractions.  The  first  of  these  was  enriched  in 
terpenic  hydrocarbons,  the  second  (the  main  fraction)  contained  a  low -boiling  aliphatic  terpenic  chloride  free 
of  geranyl  chloride  and  difficulty  saponifiable  lavandulyl  chloride,  as  was  established  by  the  above-noted 
analysis  for  primary  allylic  chloride  and  easily  saponifiable  chloride. 

Saponification  of  this  terpenic  chloride  converted  it  into  a  mixture  of  terpenic  alcohols  —  linalool  and 
geraniol.  Hence  it  follows  that  this  chloride  can  only  be  linalyl  chloride.  The  properties  of  the  isolated  ter¬ 
penic  chloride  are  set  forth  in  the  table  (Compound  I),  They  are  similar  to  those  of  the  low  boiling,  easily 
saponifiable  portion  of  the  fraction  of  aliphatic  terpenic  chlorides  obtained  after  removal  of  geranyl  chloride 
(Fig.  1)  and  identified  as  linalyl  chloride. 

•In  the  course  of  24-hours’  rectification  at  a  still  temperature  of  110-130*,  the  geranyl  chloride  content  of  the 
distillate  fell  from  55  to  8%. 


Fig.  2.  Kinetics  of  saponification  of  the  2nd  fraction 
of  low-boiling  terpenic  chlorides. 

1)  Saponification  with  lead  carbonate  in  presence  of 
aqueous  acetone  solution  of  lead  nitrate  at  60*;  2) 
saponification  with  sodium  bicarbonate  in  aqueous 
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The  constants  of  the  isolated  linalyl  chloride  do  not  agree  with  the  constants  reported  for  this  product  by 
other  authors  [6,  7,  11]. 

A  definite  regularity  in  the  physical  properties  of  these  substances  can  be  discerned  on  comparing  litera¬ 
ture  data  for  the  lower  isoprenoid,  allylic  halogenated  derivatives  and  alcohols  [15-17,  25]  as  well  as  for  their 
homologs  [18,  19]:  1)  The  tertiary  alcohols  and  chlorides  always  possess  lower  refractions,  densities  and  boil¬ 
ing  points  than  the  corresponding  primary  isomers;  2)  chloro  derivatives  have  slightly  higher  refractive  indices 
than  the  corresponding  hydroxy  derivatives;  the  refractive  index  of  a  tertiary  chloride  is  always  lower  than  that 
of  the  corresponding  primary  alcohol.  These  regularities  definitely  do  not  apply,  however,  to  the  literature 
constants  for  geraniol,  linalool,  geranyl  chloride  and  linalyl  chloride  in  relation  to  linalyl  chloride  [7,  11,  20,  21]. 
This  discrepancy,  coupled  with  the  fact  that  other  authors  did  not  make  a  careful  check  of  the  purity  of  the  spe¬ 
cimens  of  linalyl  chloride  that  they  isolated  (especially  with  reference  to  the  absence  of  geranyl  chloride),  justify 
the  conclusion  that  all  of  the  previously  published  data  for  the  preparation  of  pure  linalyl  chloride  are  erroneous 
and  that  the  authors  of  earlier  investigations  worked  with  mixtures  of  isomeric  terpenic  chlorides.  By  contrast, 
the  sample  of  linalyl  chloride  prepared  in  the  present  work  was  free  of  isomeric  terpenic  chlorides,  and  its  con¬ 
stants  fit  in  satisfactorily  with  the  regularities  noted  above.  Its  preparation  by  isomerization  of  geranyl  chloride 
on  slow  distillation  of  the  latter  is  readily  accounted  for  by  the  shift  in  the  equilibrium  of  the  system  geranyl 
chloride  linalyl  chloride  due  to  removal  of  the  lower-boiling  linalyl  chloride.  A  similar  transformation  of 
primary  allylic  chlorides  into  tertiary  on  slow  distillation  has  already  been  reported  by  other  investigators  [18]. 

Attention  must  be  directed  to  the  behavior  during  saponification  of  the  linalyl  chloride  isolated  by  the 
author.  According  to  the  literature  [11,  21,  4]  the  saponification  of  linalyl  and  geranyl  chlorides  yields  only 
linalool.  In  the  present  work,  however,  in  which  the  conditions  were  somewhat  different  from  those  detailed 
in  the  literature,  linalyl  chloride  yielded  a  mixture  of  geraniol  and  linalool  (1: 1). 

Great  interest  is  consequently  attached  to  the  further  study  of  methods  of  preparation  of  the  individual 
pure  terpenic  chlorides  and  their  transformation  into  hydroxy  derivatives.  These  investigations  would  impart 
precision  to  existing  ideas  about  allylic  rearrangements. 

EXPERIMENTAL 

1.  Isolation  of  residual  terpenic  chlorides  from  the  Cu  telomer  fraction.  A  study  was  made  of  the  mixture 
of  terpenic  chlorides  prepared  by  the  previously  described  method  [1,  2].  The  yield  of  fraction  with  b.p. 

60 -90* (2  mm)  and  n*®D  1.474-1.481  was  45 -50«7c (reckoned  on  the  telomerization  product);  in  different  ex¬ 
periments  its  geranyl  chloride  content  varied  between  52  and  567(1  (as  determined  with  hexamethylenetetramine 
in  presence  of  KI  [12]).  The  fraction  under  investigation  contained  54.37(i  of  geranyl  chloride. 

Into  a  10 -liter  apparatus,  fitted  with  a  stirrer,  were  charged  1.85  kg  of  the  fraction  of  terpenic  chlorides, 
0.85  kg  hexamethylenetetramine  and  10  kg  dichloroethane  (previously  dried).  After  50-hours’  stirring  at  20-23", 
the  compound  of  geranyl  chloride  with  hexamethylenetetramine  was  extracted  with  water,*  and  the  solution  of 
the  residual  chlorides  in  dichloroethane  was  washed  again  with  water,  then  with  107o  NaCl  solution  and  dried 
over  K2CO3.  The  dichloroethane  was  distilled  off,  and  the  residue  was  distilled  in  vacuo  to  give  795  g  of  residual 
terpenic  chlorides  with  a  geranyl  chloride  content  of  2.87o.  The  chlorides  were  subjected  to  fractional  distilla¬ 
tion  (at  4  mm)  in  a  15-20-plate  column  packed  with  single-spirai  glass  helices  (2.8  mm).  The  reflux  number 
was  maintained  at  12-25  and  the  temperature  in  the  still  at  100-140".  The  fractions  were  analyzed  for  refrac¬ 
tive  index,  density,  total  chlorine  (Pringsheim  method),  geranyl  chloride  (by  reaction  with  hexamethylenetetra¬ 
mine  in  presence  of  KI  [12]),  saponifiable  chloride  (by  boiling  with  alcoholic  Pb(N08)2  for  5  hours  [1]),  easily 
saponifiable  chlorine  (by  saponification  of  a  weighed  sample  of  chloride  in  an  emulsion  with  aqueous  NaHCOj 
at  20*  for  24  hours  -  for  details  see  2c  below),  and  double  bonds  (Kaufmann  method,  reaction  time  4  hours). 
Results  of  fractionation  and  analyses  are  plotted  in  Figure  1.  For  convenience  the  contents  of  chlorine  and  double 
bonds  are  expressed  in  milligram -equivalents  per  gram  of  substance. 

2.  Study  of  the  kinetics  of  saponification  of  the  fraction  of  lower-boiling  aliphatic  chlorides  (2nd  fraction), 
a)  Saponification  with  lead  carbonate  in  presence  of  an  aqueous  acetone  solution  of  lead  nitrate  at  60*.  Into  a 
100 -ml  flask,  with  a  reflux  condenser  attached  by  a  ground -glass  fitting,  were  charged  a  weighed  sample 

•Citral  was  obtained  in  75 7o  yield  from  the  aqueous  solution  of  the  compound  of  geranyl  chloride  with  hexa¬ 
methylenetetramine  under  the  previously  described  conditions  [2]. 
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of  chloride  (0.5  g),  5  ml  2b’’Jr  aqueous  solution  of  lead  nitrate,  5  ml  6<7r  aqueous  solution  of  NaHCOj,  and  25  ml 
acetone.  The  flask  was  heated  on  a  water  bath  at  the  boil  for  a  definite  period;  it  was  then  cooled  and  addition 
was  made  of  10  ml  0.5  N  nitric  acid;  after  the  precipitate  had  dissolved,  10  ml  10*70  NaCl  solution  was  run  in. 

The  mixture  was  back-titrated  with  0.5  N  NaOH  in  presence  of  Bromphenol  blue.  A  blank  experiment  without 
chloride  was  run  in  parallel.  From  the  results  of  the  two  experiments  the  quantity  of  chloride  entering  into 
reaction  was  determined. 

b)  Saponification  with  sodium  bicarbonate  in  aqueous  acetone  solution  at  60*.  A  weighed  quantity  (0.6  g) 
of  the  substance,  10  ml  3®/o  aqueous  sodium  bicarbonate  solution  and  15  ml  acetone  were  put  into  a  100 -ml  flask. 
The  mixture  was  boiled  on  a  water  bath  for  a  determined  time,  cooled,  and  back-titrated  with  0.5  N  hydrochloric 
acid  in  presence  of  Bromphenol  blue.  The  quantity  of  reacted  chlorine  was  found  in  the  same  way  as  in  the 
preceding  experiment. 

c)  Saponification  with  aqueous  solution  of  sodium  bicarbonate  in  an  emulsion  at  20*.  A  100 -ml  flask 
(ground-glass  stopper)  contained  a  weighed  sample  of  chloride  (0.5  g),  20  ml  1.5*7^  aqueous  NaHC03  solution 
and  0.1-0. 2  g  sodium  salts  of  high-molecular  alkylsulfuric  acids  (emulsifying  agent).  The  flask  was  shaken  on 
a  machine  for  a  determined  time  and  the  contents  were  back-titrated  with  0.5  N  HCl  in  presence  of  Brom¬ 
phenol  blue.  The  quantity  of  reacted  chlorine  was  found  as  in  the  preceding  experiments. 

Results  are  presented  in  Figure  2. 

3.  Resolution  of  the  low-molecular  terpenic  chlorides  fraction  (2nd  fraction)  by  fractional  saponification. 

50  g  PbCOs,  50  ml  25<7r  aqueous  solution  of  Pb(N03)2  and  200  ml  acetone  were  placed  in  a  round -bottomed  flask 
fitted  with  mechanical  stirrer,  reflux  condenser  and  dropping  funnel.  The  mixture  was  heated  to  the  boil,  and  a 
solution  of  55.8  g  chlorides  (b.p.  61-64*  (4  mm),  d*®4  0.910-0.913)  in  50  ml  acetone  was  added  through  the 
dropping  funnel.  After  40  minutes  the  boiling  mixture  was  cooled,  and  100  ml  10*70  NaCl  solution  and  1  ml 
pyridine  were  added.  The  acetone  was  distilled  off  on  a  water  bath,  and  the  product  was  distilled  with  steam, 
washed  with  water  and  dried  over  potassium  carbonate  to  give  50.5  g  saponification  product  containing  58*70 
chlorides  (formula  CjoHi7Cl  on  basis  of  the  chlorine  content)  and  40*70  alcohols  (Terent’ev  determination). 

To  46  g  saponification  product  were  added  41  g  butyl  borate  and  0.5  g  K2CO3.  The  butyl  alcohol  was 
distilled  off  and  the  residue  was  distilled  in  vacuo  to  give  the  difficultly  saponifiable  chloride  (22  g)  whose  prop¬ 
erties  are  set  forth  in  the  table  (lavandulyl  chloride).  • 

Saponification  of  the  isolated  chloride  by  boiling  in  aqueous  acetone  solution  of  lead  nitrate  in  presence 
of  lead  carbonate  (see  above)  for  60  hours  gave  a  67*7o  yield  of  primary  alcohol  (found  97*7r  Ci3Hi30  by  phthala- 
tion  in  pyridine  after  purification  via  the  acid  phthalic  ester  [23]). 

B.p.  88”(10  mm),  d*®4  0.8740,  n®D  1.4664,  MR^j  48.92,  bromine  number  207.3.  CuHigOpj. 

Calculated  MRp  48.87,  bromine  number  207. 

Literature  data  for  lavandulol  [22]:  b.p.  94-95*  (13  mm),  d^^4  0.8785,  n^^D  1.4683. 

After  distillation  of  the  lavandulyl  chloride  (b.p.  64.5*  at  4  mm)  and  the  excess  of  butyl  borate  (b.p.  88* 
at  4  mm),  the  residue  of  borates  was  decomposed  by  addition  of  aqueous  NaHCOg.  After  steam  distillation,  the 
alcohols  were  distilled  in  vacuo  to  give  13.6  g  of  a  mixture  of  alcohols  containing  41.8*7o  of  primary  alcohols 
(as  determined  by  phthalation  in  pyridine). 

The  mixture  of  alcohols  was  fractionated  by  reaction  with  phthalic  anhydride  in  benzene  [23].  The 
reaction  was  performed  in  presence  of  excess  of  pyridine  at  the  boiling  point  of  benzene  in  order  to  avoid  de¬ 
hydration  of  the  tertiary  alcohols  by  the  resulting  acid  phthalic  esters.  The  duration  of  the  reaction  was  6  hours. 

‘Procedure  b  was  employed  for  study  of  the  kinetics  of  saponification  of  the  individual  chlorides  (see  2b  above). 
The  velocity  constants  of  saponification  for  the  various  reaction  steps  were  found  from  the  equation 

<1  —  «„  —  «.> 

where  ag  is  the  amount  of  chlorine  in  the  sample  of  chloride;  a^  is  the  quantity  of  chlorine  entering  into  reaction 
in  time  tj;  a2  is  the  quantity  of  chlorine  reacting  in  time  t2.  Results  are  presented  in  the  table. 
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Determined  with  hexamethylenetetramine  [12]. 
•  Calculated  for  saponifiable  chlorine. 


After  boiling  of  the  caustic  alkaline  extract  for  an  hour  and  steam  distillation,  a  primary  alcohol  ( yield  98*7' 
CioHijO  by  phthalation  in  pyridine)  with  the  odor  of  geraniol  was  obtained. 

B.  p.  62-65’ (1  mm),  d*^  0.8834,  n®D  1.4735;  MRjj  49.02,  bromine  number  205.3.  CjoHitOPi. 

Calculated:  MRp  48.87,  bromine  number  207. 

After  purification  via  the  calcium  chloride  compound  [24],  the  isolated  alcohol  had  the  following 
constants: 

B.p.  108-110’ (10  mm),  d®^  0.8802,  n®D  1.4760.  Literature  data  for  geraniol  [20]:  b.p.  107*  (8  mm), 

d^®4  0.8830,  n®D  1.4768. 

The  benzene  solution  of  the  alcohols  not  entering  into  reaction  with  phthalic  anhydride  was  purified  via 
the  borate  [13]  and  distilled  in  vacuo  to  give  a  tertiary  alcohol  (96*yo  CioHjgO  found  by  the  Terent’ev  method). 

B.p.  78-80’ (10  mm),  d®4  0.8630,  n®n  1.4614,  MRq  49.39,  bromine  number  200.3.  CioHuOF2.  Cal¬ 
culated:  MR£)  48.87,  bromine  number  207.  Literature  data  for  linalool  [21]:  b.  p.  86-87*  (14  mm),  d*®4 
0.8622,  n*®D  1.4611. 

4.  Isolation  of  «-terpinyl  chloride.  77.3  g  of  the  fraction  containing  cyclic  terpenic  chlorides  (III)  was 

heated  on  a  water  bath  with  7.7  g  hexamethylenetetramine  in  solution  in  120  ml  methylene  chloride  for  6  hours 
in  order  to  eliminate  the  residues  of  geranyl  chloride  The  product  was  washed  with  water,  the  methylene 

chloride  was  distilled  off,  and  the  residue  was  distilled  in  vacuo  to  give  a-terpinyl  chloride  (70  g)  whose  proper¬ 
ties  are  set  forth  in  the  table  (Compound  III). 

The  latter  was  saponified  for  10  hours  in  a  boiling  aqueous  acetone  solution  of  lead  nitrate  in  presence  of 
lead  carbonate.  The  product  was  distilled  with  steam  and  purified  via  the  boric  ester  (see  above).  In  this  way 
D,L-a-terpineol  was  obtained:  m.p.  34’;  no  depression  of  melting  point  in  admixture  with  an  authentic  prepara¬ 
tion  [20].  B.p.  94.5’ (10  mm),  d^®4  0.9342,  n®D  1.4815. 

5.  Preparation  of  pure  linalyl  chloride  by  isomerization  of  geranyl  chloride.  660  g  of  terpene  chlorides 
fraction  containing  54.3 <^0  geranyl  chloride  was  charged  into  the  still  of  the  column  described  above.  With  a 
still  temperature  of  100-110’  and  a  reflux  number  of  7,  153.4  g  of  a  mixture  of  low-boiling  terpenic  chlorides 
came  over  at  4  mm  until  the  vapor  temperature  had  risen  to  68’  and  the  n®D  of  the  condensate  had  risen  to 
1.4705.  The  duration  of  the  distillation  was  6  hours. 

Fractionation  of  the  distillate  by  the  method  described  above  (see  3  )  gave  lavandulyl  chloride  with  the 
constants  set  forth  in  the  table,  geraniol  and  linalool. 

The  still  temperature  was  subsequently  raised  to  120’  and  the  reflux  number  was  adjusted  to  give  a  frac¬ 
tion  with  b.p.  58-62’ (4  mm),  the  n^®D  rising  to  1.4760.  Duration  of  distillation  30  hours  at  a  reflux  number  of 
20-25  and  a  still  temperature  of  120-130*. 

The  resulting  fraction  (182.4  g)  was  again  fractionated  in  the  same  column.  The  following  fractions 
were  obtained  from  146.3  g: 

1st,  terpenic  hydrocarbons,  21.8  g.  B.p.  44-54’ (5  mm),  d®4  0.816-0.831,  n®D  1.473-1.481.  Found  *70: 

Cl  0.21. 

2nd,  aliphatic  terpenic  chloride,  65  g.  B.p.  58-62.3’ (4  mm),  d®4  0.890-0.901,  n®D  1.466-1.467, 

bromine  number  192. 

Found  <7r:  Cl  18.6.  C^oHitCI.  Calculated '7o:  Cl  20.53. 

3rd,  terpinyl  thloride,  32  g  with  a  19’’lr  content  of  geranyl  chloride.  B.p.  69-76* (4  mm),  d®4  0.947-0.954, 

n®D  1.478-1.481,  bromine  number  118.  Residue,  20  g. 

Redistillation  of  the  2nd  fraction  yielded  linalyl  chloride  (38  g)  with  the  properties  set  forth  in  the  table. 
Saponification  of  30  g  of  the  chloride  for  30  minutes  under  the  conditions  described  above  (see  3)  gave  22  g  of 
a  mixture  of  alcohols  containing  45*7  primary  alcohols.  Geraniol  and  linalool  were  isolated  by  resolution  with 
the  help  of  phthalic  anhydride. 

Geraniol:  b.p.  94-96’ (5  mm),  d®4  0.8800,  n®D  1.4762,  bromine  number  206.3. 

Linalool:  b.p.  65-67’ (5  mm),  d®4  0.8611,  n®D  1.4620,  bromine  number  205.2. 
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SUMMA  RY 


1.  The  composition  of  the  fraction  of  terpenic  chlorides  (C^)  from  the  product  of  telomerization  of 
isoprene  with  its  hydrochlorides  in  presence  of  anhydrous  stannic  chloride  was  studied. 

2.  A  study  of  the  kinetics  of  interaction  of  the  mixture  of  chlorides  with  various  reactants  led  to  a  scheme 
for  separation  of  the  Cu  fraction  into  individual  isomers  and  their  derivatives.  Analytical  techniques  for  deter¬ 
mination  of  the  purity  of  the  individual  isomeric  chlorides  were  also  worked  out. 

3.  Apart  from  geranyl  chloride  (52-56'^)  and  a-terpinyl  chloride  (18-20<7c)  which  were  previously  found, 
the  Cjo  fraction  contains  linalyl  chloride  (7 -8<7o),  lavandulyl  chloride  (9 -lO^/o)  and  the  dimer  of  the  original  iso¬ 
prene  hydrochlorides  (9-10<7p). 

4.  Telomerization  of  isoprene  with  its  hydrochlorides  is  accompanied  by  1,2-,  1,4-  and  3,4-addition 
(the  latter  not  in  accordance  with  the  Markovnikov  rule)  of  the  chlorides  to  isoprene.  At  the  same  time  we 
find  cyclization  and  allylic  dimerization  of  the  chlorides. 

5.  In  the  telomerization  of  isoprene  with  halogenated  derivatives,  allylic  products  of  addition  can  only 
be  obtained  in  satisfactory  yield  with  the  help  of  the  previously  proposed  cleavage  reaction. 

6.  Pure  lavandulyl  chloride  and  a-terpinyl  chloride  were  isolated  from  the  Cn  fraction. 

7.  Slow  distillation  at  120-130*  of  the  geranyl  chloride  of  the  Cjo  fraction  causes  partial  isomerization 
to  linalyl  chloride  and  partial  dehydrochlorination  with  formation  of  terpenes. 

8.  A  method  of  preparation  of  pure  linalyl  chloride  from  the  Cj0  fraction  was  developed.  It  involved 
isomerization  of  the  geranyl  chloride  present. 

9.  The  constants  of  the  prepared  linalyl  chloride  are  presented,  and  all  of  the  previously  published 
methods  for  its  preparation  and  the  constants  previously  reported  are  critically  discussed. 

10.  Saponification  of  linalyl  chloride  under  the  conditions  of  investigation  gave  a  1 :1  mixture  of  geraniol 

k  and  linalool. 
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THE  CONDENSATION  OF  1-HEPTYNE  WITH  CHLORAL 


N.  E.  Kologrivova  and  V.  N.  Belov 


It  has  long  been  known  that  chloral  in  presence  of  various  condensing  agents  is  capable  of  entering  into 
reaction  with  aromatic  compounds,  with  formation  (depending  on  the  conditions)  of  aryltrichloromethylcarbinols 
ArCh(OH)CCls  (I)  or  diaryltrichloroethanes  ArCH(CCls)Ar  (II)  [1], 

Colonge  recently  showed  [2]  that  chloial  can  similarly  be  condensed  with  olefinic  hydrocarbons  of  the 
the  aliphatic  and  alicyclic  series  with  formation  of  condensation  products  of  type  (I). 

We  were  investigated  in  extending  this  reaction  to  acetylenic  hydrocarbons  with  a  terminal  triple  bond, 
since  the  products  of  such  a  condensation  —  trichloromethylalkynylcarbinols  —  may  find  applications  in  organic 
synthesis.  With  this  objective  we  condensed  chloral  with  1-heptyne  which  is  obtainable  with  relative  facility 
from  enanthaldehyde  [3],  In  presence  of  basic  condensing  agents  (sodium  carbonate  and  sodium  hydroxide), 
likewise  sulfuric  acid,  no  condensation  occurred,  the  acetylenic  hydrocarbon  being  recovered  unchanged  from 
the  reaction  mixture.  In  presence  of  AICI3,  however,  we  observed  the  formation  of  a  product  whose  analysis 
corresponded  to  l,l,l-trichloro-3-nonyn-2“oL,  CH3(CH2)4C  s  CCH(OH)CCl3. 

The  reaction  product  also  contained  a  crystalline  substance,  apparently  l,l,l,4-tetrachloro-3-nonen-2-ol, 
and  a  minute  quantity  of  a  substance  not  containing  a  labile  hydrogen  and  corresponding  (judging  by  the  chlo¬ 
rine  content  and  the  molecular  weight)  to  l,l-dichloro-2-(heptyn-l’-yl)-ethylene  oxide.  The  latter  oxide 
could  be  formed  by  cleavage  of  HCl  from  the  normal  product  of  condensation.  The  possibility  of  such  trans¬ 
formations  of  trichlorocarbinols  was  noted  by  lu.  S.  Zalkind  in  the  case  of  chloral -acetone  [4]. 

Trichloromethylcarbinol  was  also  formed  on  condensation  of  chloral  with  1-heptyne  in  presence  of  BF3. 
l,l,l,2-Tetrachloro-3-nonen-2-ol  was  then  not  detected  among  the  reaction  products. 

Our  condensation  product  whose  analysis  corresponded  to  l,l,l-trichloro-3-nonyn-2-ol  was  subjected  to 
hydrolysis  both  in  an  acid  and  an  alkaline  medium.  It  is  known  that  hydrolysis  of  such  trichloromethylcarbinols 
is  accompanied  by  secondary  reactions.  The  corresponding  a-hydroxy  acid  is  formed  in  the  main  reaction 
(hydrolysis  of  the  trichloromethyl  group)  [5],  but  this  is  accompanied  by  cleavage  to  chloroform  and  aldehyde 
[6-8]  and  breakdown  to  the  original  components  [8]. 

Colonge  [8]  points  out  that  the  products  of  condensation  of  chloral  with  olefinic  hydrocarbons  are  less 
susceptible  to  cleavage  into  chloroform  and  aldehyde  than  the  corresponding  saturated  trichloromethylcarbinols. 
According  to  his  findings  olefinic  trichloromethylcarbinols  with  a  long  carbon  chain,  for  example  1,1,1,-trichlcro- 
-3-nonen-2-ol,  do  not  form  aldehydes  at  all  under  such  conditions.  At  the  same  time,  similar  trichloromethyl¬ 
carbinols  with  fewer  substituents  in  the  chain  are  extremely  susceptible  to  breakdown  into  the  original  compo¬ 
nents. 


We  treated  our  product  of  condensation  of  chloral  with  1-heptyne  with  solutions  of  the  following  reagents: 
KjCO^,  Na^CO^,  Ba(OH)j,  NaOH  (aqueous  and  alcoholic),  and  concentrated  H2SO4.  In  no  case  did  we  observe 
the  formation  of  the  corresponding  a-hydroxyacid  or  of  an  aldehyde  of  the  acetylenic  series  (breakdown  with 
separation  of  chloroform).  No  hydrolysis  takes  place  when  using  KjCO^,  Na2C03  or  Ba(OH)2,  and  the  original 
trichlorocarbinol  is  recovered.  Concentrated  1^504  causes  severe  resinification.  With  aqueous  or  alcoholic 
NaOH  we  obtained  methyl  amyl  ketone  and  a  mixture  of  acidic  substances.  Formation  of  the  ketone  indicates 
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breakdown  of  the  product  of  condensation  into  the  original  components  and  hydration  of  the  acetylenic  hydro¬ 
carbon.  No  pure  substances  could  be  separated  from  the  mixture  of  acids  by  fractionation  in  vacuo.  The  analy' 
tical  data  (content  of  chlorine  and  hydroxyl  groups  and  bromine  and  acid  numbers)  indicate  that  the  acidic 
fraction  is  probably  a  mixture  of  an  unsaturated  acid  and  a  chloroacid  which  is  not  amenable  to  fractionation. 

It  was  therefore  not  further  investigated. 


EXPERIMENTAL 

Condensation  of  1-heptyne  with  chloral.  To  a  mixture  of  22  g  heptyne,*  60  ml  dichloroethane  and  30  g 
chloral  free  of  chloral  hydrate  (determined  aquametrically  [10])was  added  4  g  AICI3  at  room  temperature  in 
the  course  of  1  hour.  The  reaction  mixture  was  thereupon  stirred  for  another  hour  and  poured  into  cold  water. 

The  separated  products  were  extracted  with  ether.  After  thorough  washing  with  10%  NaOH  solution  followed  by 
water,  drying  with  Na2S04  and  removal  of  the  solvent,  the  residue  was  distilled  in  vacuo.  Two  fractions  were 
collected  as  the  result  of  three  distillations:  1st,  b.  p.  106-110“  (4  mm),  15.7  g  (41.2%  calculated  on  original 
100%  1-heptyne);  2nd,  b.  p.  115-125*  (4  mm),  5.8  g  (partially  crystallizing  on  standing). 

The  1st  fraction  had  the  following  constants: 

B.  p.  106-110*  (4  mm).  n*®D  1.5040,  d^®4  1.2294,  MR^  58.64;  calc.  57.88. 

Found  %:  C  44.23;  H  5.63;  Cl  •  *  43.60;  OH*  •  •  6.55.  C9Hi2(OH)Cl3.  Calculated %:  C  44.35;  H  5.35; 

Cl  43.73;  OH  6.9. 

The  2nd  fraction  was  spread  on  a  porous  plate  and  gave  3.2  g  (7.6%)  colorless  crystals  with  m.  p.  61*. 

This  product  did  not  darken  on  prolonged  storage;  readily  soluble  in  alcohol,  acetone,  benzene,  chloroform, 
ligroine  and  cyclohexane;  insoluble  in  water  even  on  boiling. 

Found  %:  C  38.91,  38.91;  H  5.07,  4.84;  Cl  49.88;  OH  5.96.  M  267  (cryoscopically).  C9Hi3(OH)a4. 

Calculated  %:  C  38.57;  H  5.00;  Cl  50.70;  OH  6.07.  M  280. 

A  liquid  substance  was  also  isolated,  in  separate  experiments,  from  the  lower-boiling  fractions: 

B.  p.  114*  (10  mm),  n*®D  1.500,  d^®4  1.2159,  MRj)  50.07;  calc.  50.92. 

Found  %:  Ci  33.8.  M  213.  C9H12OCI2.  Calculated  %:  Cl  34.29.  M  207.  ^ 

A  Tserevitinov  determination  in  this  case  revealed  complete  absence  of  mobile  hydrogen  (determined, 

0.77%  OH  groups).  j 

Condensation  of  1-heptyne  with  chloral  in  presence  of  BF3.  BF3  *  *  •  •  was  passed  into  a  mixture  of  45  g  “ 

heptyne  and  60  g  chloral  in  60  g  dichloroethane  for  15  minutes  with  good  stirring.  The  temperature  in  the 
reaction  mixture  was  maintained  at  20-25*;  the  weight  increase  was  10  g.  The  reaction  mass  was  stirred  for 
another  1  hour  and  then  poured  into  water.  The  separated  product  was  extracted  with  ether;  the  ethereal  solu¬ 
tion  was  washed  twice  with  10%  NaOH  solution,  then  with  saturated  NaCl  solution  and  dried  with  Na2S04.  The 
solvent  was  removed,  and  the  residue  distilled  in  vacuo.  After  two  distillations,  there  was  obtained  41  g  (50%) 
of  product. 

B.  p.  107-109*  (3  mm),  n^®D  1.4930,  d^®4  1.2298,  MR^  57.42;  calq.  57.88. 

Found  %:  C  44.02,  44.00;  H  5.62,  5.76;  Cl  43.0;  OH  6.5.  C9H12CI  (OH).  Calculated  %:  C  44.35; 

H  5.35;  Cl  43.73;  OH  6.9. 

Action  of  aqueous  NaOH  solution  on  l,l,l-trichloro-3-nonyn-2-ol.  35  g  trichlorocarbinol  was  boiled 
for  1  hour  with  250  ml  10%  aqueous  sodium  hydroxide  solution.  The  alkaline  solution  was  extracted  3  times 
with  ether.  The  extract  was  worked  up  in  the  usual  manner,  thp  solvent  was  removed,  and  two  distillations 
gave  3.0  g  (15.6%)  of  methyl  amyl  ketone. 

•  Heptyne  prepared -from  enanthaldehyde  [3]  had  b.  p.  100-120“,  n*®D  1.4170,  d^®4  0.7554.  It  contained  68% 
of  1-heptyne  (determined  through  the  Ag  derivative)  [9]. 

•  ‘Chlorine  was  determined  with  a  skeletal  nickel  catalyst  [11]. 

•  *  'Determined  by  Tserevitinov  method. 

•  •  *  ‘Prepared  by  heating  of  a  mixture  of  KBF4,  B2Q3  and  H2SO4  [12]. 

I 
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B.  p.  150-153* .  n*®D  1.4080,  cl*®4'  0.8147,  MRd  34.42;  calc.  34.53. 

Ketone  content  •  93.8%.  Semicarbazone,  m.  p.  120-121*.  A  mixture  with  the  semicarbazone  of  authen¬ 
tic  methyl  amyl  ketone  did  not  show  a  depression  of  m.  p. 

Found  %:  N  24.48,  24.44.  CgHiTONj.  Calculated  %:  N  24.56. 

Acidification  of  the  alkaline  solution  gave  7  g  of  a  mixture  of  acidic  substances  from  which  the  follow¬ 
ing  fraction  was  isolated  in  vacuo: 

B.  p.  137-140*(4  mm),  n*®D  1.5225,  d*®4  1.089.  Acid  number  303.5;  bromine  number  89.9.  Found  %: 

Cl  13.25. 

SUMMARY 

1.  It  was  shown  that  chloral  condenses  with  1-heptyne  in  presence  of  AICI3  or  BFs  to  form  the  corres¬ 
ponding  trichloromethylcarbinol.  In  presence  of  AICI3  additional  products  are  l,l,l,4-tetrachloro-3-nonen-2-ol 
and  a  compound  not  containing  a  mobile  hydrogen  atom  —  apparently  l,l-dichloro-2-(heptyn-l'-yl)- ethylene 
oxide. 

2.  Alkaline  hydrolysis  of  the  product  of  condensation  of  1-heptyne  with  chloral  gave  methyl  amyl  ketone 
in  addition  to  a  fraction  apparently  consisting  of  a  mixture  of  an  unsaturated  acid  and  chloroacid  which  could 
not  be  separated  into  its  constituents  and  was  not  further  examined. 
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REDUCTION  OF  DERIVATIVES  OF  HARMINE  WITH  SODIUM  BOROHYDRIDE 


TO  DERIVATIVES  OF  Py  -  T  ET  R  A  H  Y  DROH  A  R  M I N  E 


L.  N.  lakhontov  and  M.  V.  Rubtsov 


The  problem  of  converting  the  pyridine  ring  of  harmine  into  the  1,2,5 ,6-tetrahydropyridine  ring  arose  in 
the  course  of  work  on  the  synthesis  of  analogs  of  reserpine  on  the  basis  of  harmine.  The  reduction  of  harmine 
to  Py-tetrahydroharmine  by  sodium  in  alcohol  has  been  described  in  the  literature  [1].  This  method  is  incon¬ 
venient  because  it  requires  a  very  large  excess  of  sodium  (12  times  the  weight  of  the  haimine).  Moreover,  the 
method  was  found  to  be  inapplicable  to  Py-quaternary  derivatives  of  harmine  [2j.  Experiments  on  the  reduc¬ 
tion  of  the  latter  with  zinc  dust  in  dilute  acetic  acid,  likewise  catalytically  with  platinum  in  anhydrous  alcohol 
and  in  glacial  acetic  acid  at  80“ ,  were  unsuccessful  [2]. 

Various  methods  of  conversion  of  harmine  derivatives  into  derivatives  of  Py-tetrahydroharmine  were  studied, 
and  we  established  that  the  best  reducing  agent  in  this  case  is  sodium  borohydride.  It  was  shown  that  only  qua¬ 
ternary  salts  of  harmine  undergo  reduction,  Harmine  itself  and  its  nonquaternary  derivatives  do  not  react  with 
sodium  borohydride.  Consequently,  when  it  is  necessary  to  prepare  derivatives  of  Py-tetrahydroharmine  which 
are  not  substituted  at  the  Py-nitrogen,  harmine  Py-N-benzyl  chloride  is  reduced,  and  later  the  benzyl  group  is 
removed  by  hydrogenation  of  the  Py-N-benzyltetrahydroharmine  over  palladium  catalyst.  Harmine  Py-N- 
benzyl  chloride  is  obtained  in  957o  yield  by  heating  equimolar  quantities  of  harmine  and  benzyl  chloride  in 
benzyl  alcohol  at  120*  for  12  hours,  Reduction  of  harmine  Py-N-benzyl  chloride  is  effected  in  methyl  alcohol 
with  sodium  borohydride,  which  is  added  portionwise  at  room  temperature.  The  reaction  duration  is  3  hours. 

Yield  of  Py-N-benzyltetrahydroharmine  hydrochloride  is  90%. 

Py-N-Benzyltetrahydroharmine  was  also  synthesized  from  harmine  by  another  route.  Harmine  was  re¬ 
duced  with  sodium  in  alcohol  by  Fischer's  method  [1]  to  form  Py-tetrahydroharmine.  The  latter  was  subjected 
to  benzylation  with  benzyl  chloride  in  presence  of  potassium  carbonate  at  110-120".  The  resulting  Py-N- 
benzyltetrahydroharmine  (yield  78%)  was  identical  with  the  product  of  reduction  of  harmine  Py-N-benzyl  chlo¬ 
ride  with  sodium  borohydride.  The  two  compounds  had  the  same  constants  and  solubilities,  did  not  show  a  de¬ 
pression  of  melting  point  in  a  mixed  test,  and  exhibited  identical  analyses  and  ultraviolet  spectra  (see  diagram). 

Py-N-Benzyltetrahydroharmine,  obtained  by  borohydride  reduction,  was  subjected  to  debenzylation  by 
hydrogenation  over  palladium  catalyst.  The  resulting  Py-tetrahydroharmine  (yield  96.4%)  was  found  to  be 
identical  with  the  product  of  reduction  of  harmine  with  sodium  in  alcohol. 
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Similar  results  were  obtained  in  work  with  derivatives  of  norharmine.  In  this  case  the  starting  substance 
was  norharmine "3 -carboxylic  acid,  which  was  synthesized  by  the  method  of  Perkin  and  Robinson  [3].  Norhar- 
mine-3-carboxylic  acid  remains  unchanged  when  heated  with  benzyl  chloride  in  benzyl  alcohol  to  120*.  Fur¬ 
ther  rise  of  temperature  leads  to  commencement  of  decarboxylation  and  simultaneous  formation  of  the  Py-qua- 
ternary  salt.  A  mixture  of  the  original  norharmine-3-carboxylic  acid  and  norharmine  Py-N-benzyl  chloride  is 
formed  in  the  120-160*  temperature  range.  At  16(f  the  main  product  of  the  reaction  (yield  53%)  is  norharmine 
Py-N-benzyl  chloride.  The  latter  is  reduced  by  sodium  borohydride  in  methyl  alcohol  at  room  temperature 
with  formation  of  Py-N-benzyltetrahydronorharmine  in  95%  yield. 


EXPERIMENTAL 

Harmine  Py-N-benzyl  chloride.  2.1  g  harmine  and  1.3  g 


Ultraviolet  absorption  spectra. 

1)  Py-N-benzyltetrahydroharmine  ob¬ 
tained  by  reduction  of  harmine  Py-N- 
benzyl  chloride  with  sodium  borohy¬ 
dride;  2)  Py-N-benzyltetrahydrohar¬ 
mine  obtained  by  benzylation  of  Py- 
tetrahydroharmine  with  benzyl  chlo¬ 
ride. 


benzyl  chloride  were  heated  at  120*  for  12  hours  in  80  ml  benzyl 
alcohol.  During  the  reaction  the  whole  of  the  harmine  went  into 
solution.  Removal  in  vacuo  of  the  benzyl  alcohol  left  a  thick  mass 
which  crystallized  on  trituration  in  presence  of  ether.  Recrystalliza¬ 
tion  from  isopropanol  gave  3.16  g  (95%)  harmine  Py-N-benzyl  chlo¬ 
ride.  Colorless  crystals,  m.  p.  237-238*.  Readily  soluble  in  chloro¬ 
form,  methanol  and  hot  isopropanol;  insoluble  in  ether,  water,  ethyl 
acetate  and  benzene;  poorly  soluble  in  acetone  and  dioxane. 

Found  %:  N  7.95,  8.51;  Cl’  10.40,  10.14.  C2oHi90N2a. 

Calculated  %;  N  8.27;  Cl’  10.48. 

Py-N-Benzyltetrahydroharmine  hydrochloride,  a)  Reduction 
of  harmine  Py-N-benzyl  chloride  with  N3BH4»  In  the  course  of  30 
minutes  1.5  g  sodium  borohydride  was  added  portionwise  to  a  solu¬ 
tion  of  1.2  g  harmine  Py-N-benzyl  chloride  in  50  ml  methanol. 
Foaming  and  heating  occurred  during  the  reaction.  The  reaction 
mass  was  then  stirred  at  room  temperature  for  another  2.5  hours. 

Fifty  ml  of  water  was  then  added.  The  precipitate  was  filtered, 
washed  with  water  and  dissolved  in  acetone.  Addition  of  alcoholic 
hydrogen  chloride  until  the  mass  was  acid  to  Congo  resulted  in 
precipitation  of  Py-N-benzyltetrahydroharmine  hydrochloride 
(1.09  g,  yield  90%),  m.  p.  224-225*  Colorless  crystals,  soluble 


in  alcohols,  insoluble  in  ether,  benzene  and  water.  The  product 
of  reduction  with  sodium  in  alcohol  of  harmine  followed  by  benzylation  with  benzyl  chloride  had  the  same 
ultraviolet  absorption  spectrum  as  the  present  product,  and  a  mixture  of  the  two  did  not  suffer  a  depression  of 
melting  point. 

Found  %:  C  70.21,70.20;  H  6.86,  6.77;  N  7.88;  Cl’  10.39,  10.43.  C20H22ON2  •  HCl.  Calculated  %: 

C  70.07;  H  6.72;  N  8.17;  Cl’  10.36. 
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b)  Benzylation  of  Py-tetrahydroharmine.  2.12  g  Py-tetrahydroharmine,  prepared  by  reduction  of  harmine 
with  sodium  in  alcohol,  1.3  g  benzyl  chloride  and  2  g  calcined  potassium  carbonate  were  heated  in  30  ml  tolu¬ 
ene  for  4  hours  at  110-120*.  The  mass  was  then  treated  with  20  ml  of  water.  The  toluene  was  separated  and  the 
aqueous  layer  was  extracted  with  chloroform.  The  chloroform-toluene  solution  was  evaporated.  The  residue 
was  recrystallized  from  a  little  methanol.  Yield  of  Py-N-benzyltetrahydroharmine  hydrochloride  1.9  g  (78%); 
m.  p.  224-225*. 

Found  %:  C  69.72;  H  6.43;  N  8.28.  QoHzjONz  *  HCl.  Calculated  %;  C  70.07  ;  H  6.72;  N  8.17. 

Py-Tetrahydroharmine.  0.5  g  Py-N-benzyltetrahydroharmine  hydrochloride  was  reduced  in  30  ml  ethyl 
alcohol  at  18-20*  and  a  pressure  of  20-30  cm  water  column  with  a  palladium  catalyst  prepared  from  0.5  g 
palladium  chloride.  Absorption  of  hydrogen  was  completed  in  the  course  of  3  hours.  The  catalyst  was  filtered 
off  and  the  alcoholic  solution  was  evaporated  in  vacuo.  The  residue  was  treated  with  5  ml  20%  sodium  hydrox¬ 
ide  solution,  filtered  and  washed  with  water.  Yield  of  Py-tetrahydroharmine  0.3  g  (96.4%),  m.  p.  199*.  •  A 
mixture  with  Py-tetrahydroharmine  obtained  by  reduction  of  harmine  with  sodium  in  alcohol  did  not  undergo 
a  depression  of  melting  point. 

Norharmine-Py-benzyl  chloride.  2.52  g  norharmine-3 -carboxylic  acid  and  1.3  g  benzyl  chloride  were 
heated  in  100  ml  benzyl  alcohol  for  5  hours  at  160*.  The  acid  gradually  went  into  solution.  At  the  same  time 
carbon  dioxide  was  evolved  and  the  reaction  mass  darkened.  The  brownish,  fluorescent  solution  was  treated 
with  4  times  the  quantity  of  ether.  A  precipitate  came  down  and  was  reprecipitated  from  methanol  solution 
with  acetone.  It  had  m.  p.  225-226*.  Yield  2.5  g  (53%)  of  colorless  crystals  of  norharmine  Py-benzyl  chloride. 
Soluble  in  alcohols,  poorly  soluble  in  chloroform  and  acetone,  insoluble  in  water,  ether  and  benzene. 

Found  %:  C  66.93,  66.81;  H  5.28,  5.57;  N  8.32;  Cl*  10.97,  10.66.  CiaHiTOb^Cl.  Calculated  %: 

C  67.18;  H  5.24;  N  8.63;  Cl*  10.94. 

Py-N-Benzyltetrahydronorharmine.  0.7  g  norharmine  Py-benzyl  chloride  was  reduced  with  0.93  g  sodium 
borohydride  in  similar  fashion  to  the  above-described  reduction  of  harmine  Py-N-benzyl  chloride.  The  reac¬ 
tion  was  carried  out  in  methanol.  Py-N- Benzyl tetrahydronorharmine  came  down  on  dilution  of  the  methanol 
solution  with  twice  the  volume  of  water.  Yield  0.6  g  (95%).  Colorless  crystals,  m.  p.  170-170.5*  (from  metha¬ 
nol).  Readily  soluble  in  acetone  and  chloroform,  less  soluble  in  alcohols,  benzene  and  toluene,  insoluble  in 
ether  and  water. 

Found  %:  C  78.20,  78.07;H  6.75,  6.79;  N  9.35,  9.43.  CigHjoGN,.  Calculated  %: 

C  78.08;  H  6.85;  N  9.59. 

SUMMARY 

A  method  was  developed  for  reduction  of  harmine  derivatives  to  Py-tetrahydroharmine  derivatives  with 
sodium  borohydride;  yield  90-95%. 
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SYNTHESIS  OF  1  -  P  H  EN  Y  L  -  3  -  P  Y  R  A  Z  OL IDON  E  (PHENIDONE) 
FROM  ESTERS  OF  8  -  CHLOROPROPIONIC  ACID 


V.  N.  Mikhailova  and  V.  V.  Pigulevskii 


Esters  of  0 -halopropionic  acids  (II)  can  serve  as  starting  materials  for  the  synthesis  of  1-phenyl -3 -pyra- 
zolidone  (I).  These  esters  can  be  prepared  from  the  corresponding  esters  of  acrylic  acid  (III)  by  treatment  with 
hydrogen  halides,  as  well  as  from  the  nitriles  of  these  acids  [1]. 


GH2=CII— CO,R 
nil) 


HX 


GH2XGH2G02R 

—  GH2XGH2GN 

1  (II) 

(IV) 

X  =CI.  Dr,  I. 

R  =  CII„  C4H, 

H2G-G0 

1  1 

H2G  NH 

\/ 

N 

1 

CeHs 

(I) 

In  the  present  investigation  we  synthesized  l-phenyl-3-pyrazolidone  from  esters  of  0  -chloropropionic 
acid,  and  we  carried  out  experiments  on  the  synthesis  of  nitriles  of  0-bromo-  and  0-iodopropionic  acids. 

l-Phenyl-3-pyrazolidone  is  now  extensively  used  in  cinematography  as  a  substitute  for  metol  [2-5], 

Phenidone  was  first  synthesized  from  phenylhydrazine  and  a  0 -halopropionic  acid  or  its  esters  [7],  The 
structure  of  l-phenyl-b-pyrazolidone  was  erroneously  assigned  to  the  prepared  substance  (m.  p.  121*),  which 
according  to  the  literature  melts  at  78*  [7].  The  structure  of  l-phenyl-3-pyrazolidone  was  demonstrated  by 
synthesis  from  the  ethyl  ester  of  0-iodopropionic  acid  and  aniline  [8]. 


On  checking  Beringer’s  method  [6]  we  found  that  condensation  in  a  strongly  alkaline  medium  is  accom¬ 
panied  by  considerable  resinification,  and  the  yield  of  l-phenyl-3-pyrazolidone  is  extremely  low.  Its  isola¬ 
tion  from  the  oily  reaction  product  is  also  very  difficult.  It  was  earlier  shown  [9]  that  resinification  is  not  ob¬ 
served  when  equimolar  quantities  of  methyl  0  -chloropropionate  and  phenylhydrazine  are  condensed  In  weakly 
alkaline  medium  in  an  atmosphere  of  inert  gas,  and  crystalline  l-phenyl-3-pyrazolidone  is  formed  In  satis¬ 
factory  yield.  We  established  that  the  condensation  of  methyl  and  butyl  esters  of  0 -chloropropionic  acid  with 
phenylhydrazine  in  a  weakly  alkaline  medium  goes  in  two  steps.  In  the  first  step,  which  has  the  higher  velo¬ 
city,  hydrogen  halide  is  released  and  the  corresponding  0 -substituted  ester  of  propionic  acid  (V)  is  formed. 

In  addition,  interaction  of  phenylhydrazine  with  the  released  hydrogen  chloride  gives  phenylhydrazine  hydro¬ 
chloride.  Similar  transformations  were  observed  by  Kost  and  Ershov  [10]  on  reaction  of  0  -chloropropionitrile 
with  phenylhydrazine.  The  second  step  of  the  condensation  is  cyclization  of  the  ester  of  0(a-phenylhydrazino)- 
propionic  acid  (V)  with  formation  of  l-phenyl-3-pyrazolidone  (I). 
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The  duration  of  the  condensation  reaction  depends  on  the  original  ester  of  0-chloroprop ionic  acid  and 
on  the  conditions  of  condensation. 

The  synthesis  of  l-phenyl-3-pyrazolidone  from  the  methyl  ester  of  6 -chloropropionic  acid  goes  more 
quickly  than  from  the  butyl  ester,  and  the  yield  in  the  former  case  is  larger  (see  Table).  This  probably  due 
to  the  methoxy  group  splitting  off  with  greater  facility  than  the  butoxy  group  during  cyclization. 


Conditions  of  Preparation  of  1- Phenyl -3-pyrazolidone 


Expt.  No. 

Esters  of  0  -  chloro¬ 
propionic  acid 
and  their  quan¬ 
tity 

Phenylhydrazine 
(in  g) 

Total  duration 
of  reaction 
(hours) 

Yield  of  1-phenyl- 
3-pyrazolIdone  (%) 

1* 

Methyl,  5  g 

4.3 

20 

45 

2* 

ft  tt  •» 

4.3 

25 

43.8 

3* 

M  tt  ft 

4.3 

30 

46.5 

4*  • 

5.8  g 

4.3 

25 

48 

5* 

Butyl  9.1  g 

5.4 

25 

17.8 

6* 

•  9.1  g 

5.4 

30 

17.8 

7*  • 

-  9.1  g 

5.4 

30 

19.3 

8*  • 

"  9.1  g 

5.4 

50 

19.3 

*  Experiments  in  a  stream  of  nitrogen. 

*  *  Experiments  in  an  atmosphere  of  carbon  dioxide. 


The  phenylhydrazine  salt  contaminates  the  main  product  of  the  reaction  and  is  a  hindrance  to  separation 
of  the  latter  from  the  mixture.  It  was  therefore  necessary  to  remove  the  salt  and  to  continue  the  reaction  in 
an  atmosphere  of  nitrogen  or  carbon  dioxide. 

With  sulfuric  acid  or  calcium  hypochlorite,  phenidone  gives  a  very  transitory  pink  coloration  whose  in¬ 
tensity  depends  on  the  concentration  of  l-phenyl-3-pyrazolidone*  These  color  reactions  can  evidently  be  used 
to  check  the  course  of  the  condensation. 

Formation  of  an  unstable  colored  substance  on  oxidation  of  l-phenyl-3-pyrazolidone  by  certain  oxidants 
is  probably  associated  with  formation  of  colored  intermediate  products,  since  the  end  product  of  oxidation  of 
l-phenyl-3-pyrazolidone  is  the  colorless  l-phenyl-3-pyrazolone  [7]. 

EXPERIMENTAL 

1.  Synthesis  of  methyl  and  butyl  esters  of  6 -chloropropionic  acid.  These  were  prepared  from  the  corres- 
pondlng  acrylates  and  dry  hydrogen  chloride  by  the  method  that  we  previously  developed  [1,  11]. 

2.  Synthesis  of  1 -phenyl -3-pyrazolidone  (see  Tabled  a)  From  methyl  0 -chloroproplonate  and  phenyl¬ 
hydrazine.  Condensation  of  the  methyl  ester  (b.  p.  155-157*)  with  phenylhydrazine  was  performed  on  a  boiling 
water  bath  in  closed  containers  in  a  nitrogen  atmosphere  or  in  flasks  with  reflux  condensers  in  a  stream  of 
carbon  dioxide.  Heating  of  the  ester  with  phenylhydrazine  for  10-15  minutes  was  followed  by  deposition  of 
colorless  scales  (2.2  g)  of  phenylhydrazine  hydrochloride  with  m.  p.  240*  (decomp.)  [12].  The  latter  were  fil¬ 
tered  off  after  2-2.5  hours. 

Further  heating  of  the  filtrate  with  the  wash  liquor  In  an  inert  gas  atmosphere  led  to  formation  of  1-phenyl- 
3-pyrazolidone  in  the  form  of  colorless  crystals  which  were  identified  by  the  calcium  hypochlorite  test  (pink 
color).  The  reaction  ended  after  18-20  hours.  After  cooling,  the  colorless  crystals  were  filtered  off,  washed 
with  alcohol  and  ether,  and  dried  in  a  vacuum-desiccator  In  the  absence  of  daylight.  The  average  yield  of 
l-phenyl-3-pyrazolfdone  with  m.  p.  120-121*  was  45‘5fc.calculated  on  the  reacted  phenylhydrazine.  Further 
heating  of  the  mother  liquor  in  an  inert  gas  stream  did  not  increase  the  yield  of  the  product. 

Similar  results  were  obtained  when  the  condensation  was  effected  In  round -bottomed  flasks  with  stirrers 
and  a  reflux  condenser  in  a  stream  of  carbon  dioxide.  The  yield  of  l-phenyl-3-pyrazolIdone  was  48')fc. 
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b)  From  butyl  6 -chloropropionate.  The  above  procedure  was  employed  in  this  condensation. 

Found  C  66.79;  H  6.38;  N  17.40.  M  159.  CgHijONj.  Calculated  C  66.66;  H  6.17;  N  17.28. 

M  162. 

1- Phenyl -3-pyrazolidone  hydrochloride  was  prepared  in  quantitative  yield  by  passage  of  dry  hydrogen 
chloride  through  a  solution  of  l-phenyl-3-pyrazolidone  in  anhydrous  alcohol.  Colorless,  lustrous  crystals  with 
m.  p.  162-163*.  The  literature  [7]  reports  m.  p.  163*. 

Found  N  14.00;  Cl  17.60.  CgHioON^HCl.  Calculated  N  14.10;  Cl  17.88. 

2.  Synthesis  of  nitriles  of  6 -halopropionic  acids,  a)  0-Bromopropionitrile  was  prepared  by  the  same 
procedure  as  for  fl-chloropropionitrile  [1].  A  Tishchenko  bottle  containing  a  solution  of  phenol  in  carbon  tetra¬ 
chloride  was  inserted  between  the  hydrogen  bromide  generator  and  the  reaction  vessel  in  order  to  remove  bro¬ 
mine  from  the  hydrogen  bromide.  Drying  of  the  hydrogen  bromide  was  effected  by  passage  through  a  U-tube 
filled  with  phosphorus  pentoxide.  The  purified  and  dried  hydrogen  bromide  was  cooled  (0*)  before  introduction 
into  the  reaction  vessel  via  a  glass  tube  extending  to  the  surface  of  the  acrylonitrile.  This  arrangement  was 
necessary  to  preclude  choking  of  the  glass  tube  with  white  crystals  of  CUBrCHjCN  •  HBr  [13].  After  saturation 
with  the  equimolar  quantity  of  hydrogen  bromide  (determined  by  the  increase  in  weight),  the  yellow  reaction 
mixture  was  left  overnight  at  room  temperature,  and  then  washed  with  sodium  sulfite  and  water,  dried  over 
anhydrous  sodium  sulfate,  and  twice  fractionated  in  vacuo.  Average  yield  70-75%.  6-Bromopropionitrile  is 
a  colorless,  mobile,  oily  liquid  with  a  fairly  persistent  and  strong  odor  that  does  not  irritate  the  mucous  mem¬ 
branes;  readily  soluble  in  ether  and  acetone.  It  turns  yellow  on  standing  in  the  light,  but  in  the  dark  it  remains 
colorless  for  a  long  period. 

B.  p.  81-83*  (15  mm),  n*®D  1.4750,  d*®4  1.6158,  MRj)  23.33;  calc.  23.52.  Literature  data  [14]:  b.p.  92* 

(25  mm),  d*®4  1.6152,  n*®D  1.1470. 

Found  %:  Br  59.51;  N  10.44.  C3H4NBr.  Calculated  %:  Br  59.70;  N  10.70. 

b)  6 -lodopropionitrile  was  prepared  in  similar  fashion  to  the  preceding  nitrile.  Purified  and  dried  hydro¬ 
gen  iodide  was  passed  (cooling  to  0*)  into  acrylonitrile  until  saturation  occurred  (1 : 1),  and  the  reaction  liquid 
then  stood  at  room  temperature  in  the  dark  for  15-20  hours.  Reaction  products  were  isolated  in  the  same 
way  as  in  the  preceding  experiment.  Average  yield  of  6 -lodopropionitrile  35-40%.  A  fairly  mobile,  colorless, 
oily  liquid  with  a  persistent  odor;  readily  soluble  in  acetone  and  ether. 

B.  p.  105-106*  (9  mm),  n*®D  1.550,  d*®4  2.0377,  MRd  28.80;  calc.  28.52.  Literature  data  [15]:  b.  p.  101* 
(25  mm). 

Found  %:  1  69.95;  N  7.73.  QH4NI.  Calculated  %:  1  70.16;  N  7.61. 

SUMMARY 

1.  l-Phenyl-3-pyrazolidone  was  synthesized  from  methyl  or  butyl  fi -chloropropionate  and  phenylhydra- 
zine  in  a  weakly  alkaline  medium. 

2.  The  nitriles  of  6-iodo-  and  fl -bromopropionic  acids,  prepared  from  acrylonitrile  and  the  correspond¬ 
ing  hydrogen  halide,  were  characterized. 
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THE  SYNTHESIS  OF  4  -  A  MINOR  IP  ERIDIN  E 


L.  N.  lakhontov,  S.  V.  latsenko  and  M.  V.  Rubtsov 
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4-Amlnopiperldine  is  an  intermediate  for  the  synthesis  of  biologically  active  substances.  Prelog, 
Cerkovnikov  and  their  co-workers  [1]  have  shown  that  some  N-substltuted  4-aminopiperidines  possess  a  spasmolyt 
Ic  action.  At  the  same  time  the  literature  does  not  contain  a  convenient  method  of  preparation  of  4-amIno- 
piperidine.  This  compound  is  synthesized  either  by  reduction  of  4-aminopyrldlne  with  sodium  In  alcohol  [2] 
(yield  not  higher  than  50%,  i.e.,  30%  reckoned  on  the  isonlcotinic  acid)  or  from  acyclic  compounds  by  multi- 
step  methods  via  tetrahydropyran  derivatives  (extremely  low  over- all  yield)  [1]. 

In  the  present  paper  we  describe  a  convenient  preparative  method  for  obtaining  4-aminopiperidIne  dl- 
hydrochloride  from  isonicotlnic  acid  in  two  steps  with  an  over-all  yield  of  66%.  Several  routes  to  4-amino- 
piperidine  from  isonlcotinic  acid  were  examined  in  the  course  of  this  work  (in  recent  years  isonicotlnic  acid 
has  become  a  commercial  product  [3]). 
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The  reactions  of  Hofmann,  Curtius  and  Schmidt  were  used  for  conversion  of  the  carboxyl  to  the  amino 

group. 

In  the  first  variant,  isonicotlnic  acid  was  converted  by  the  published  method  [4]  via  the  ester  to  the  amide, 
atxl  the  latter  by  the  Hofmann  reaction  to  4-aminopyTidine.  We  know  from  the  literature  that  attempts  to  cataly 
tically  reduce  4-aminopyridine  to  4-amInopiperIdine  have  been  unsuccessful  [2,  5].  Our  experiments  on  hydro¬ 
genation  of  4-aminopyridine  in  alcohol  under  pressure  in  presence  of  a  platinum  catalyst  showed  that  hydrogen 
is  not  taken  up  to  1  to  60  atm.  Hydrogenation  proceeds  only  under  a  pressure  of  80  atm,  and  a  mixture  of  pro¬ 
ducts  was  formed  from  which  4-aminopiperidine  was  isolated  in  16.5%  (reckoned  on  the  4-aminopyridine)  or  in 
6%  yield  (reckoned  on  the  isonicotlnic  acid).  The  possibility  in  principle  of  catalytic  reduction  of  4-amino¬ 
pyridine  to  4-aminopiperidine  was  thereby  demonstrated. 

In  the  second  variant,  isonicotlnic  acid  was  converted  into  the  hydrazide  via  the  ester  by  the  published 
method  [6].  The  hydrazide  was  reduced  in  presence  of  platinum  catalyst  to  the  hydrazide  of  isonlpecotic  acid 
which  had  previously  been  obtained  by  a  less  convenient  route  -  from  the  ethyl  ester  of  isonlpecotic  acid  and 
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hydrazine  hydrate.  The  hydrazide  of  isonipecotic  acid  was  subjected  to  the  Curtius  reaction  for  conversion  in¬ 
to  4-aminopiperidine.  In  the  course  of  this  reaction  the  formation  of  the  azide  was  accompanied  by  nitrosa- 
tion  at  the  nitrogen  of  the  piperidine  ring.  The  resulting  N-nitroso  derivative  of  isonipecotic  acid  hydrazide 
is  highly  soluble  in  water  and  insoluble  in  organic  solvents.  Without  being  isolated,  it  was  therefore  converted 
into  the  urethane  and  then,  by  boiling  with  concentrated  hydrochloric  acid,  into  4-aminopiperidine  dihydro¬ 
chloride.  The  yield  of  the  latter  was  20.67o,  calculated  on  the  isonicotinic  acid. 

It  was  found  most  convenient  to  prepare  4-aminopiperidine  by  reduction  of  isonicotinic  acid  to  isonipeco¬ 
tic  acid  followed  by  replacement  of  the  carboxyl  group  by  amino  in  the  Schmidt  reaction.  Catalytic  hydro¬ 
genation  of  isonicotinic  acid  in  dilute  hydrochloric  acid  goes  smoothly  with  quantitative  yield  and  is  more  con¬ 
venient  than  the  literature  method  [7]  of  hydrogenation  in  a  medium  of  glacial  acetic  acid  followed  by  isola¬ 
tion  of  the  isonipecotic  acid  in  the  form  of  the  hydrochloride.  The  Schmidt  reaction  can  be  performed  both 
with  hydrazoic  acid  and  with  sodium  azide  in  presence  of  sulfuric  acid.  The  second  method  is  more  convenient 
on  the  preparative  scale  and  does  not  involve  prior  isolation  of  poisonous  hydrazoic  acid.  The  yield  of  4-amino¬ 
piperidine  is  62^0  by  the  hydrazoic  acid  method  and  66%  by  the  sodium  azide  method. 

The  following  N-formyl  derivatives  were  also  synthesized  in  the  course  of  the  work:  1-formylisonipecotic 
acid  and  l-formyl-4-formylaminopiperidine. 


EXPERIMENTAL 


Preparation  of  4  -  A m  i  nop  ip e r i d i n e 

A.  From  4-aminopyridine.  3.45  g  4-aminopyridine  in  120  ml  anhydrous  alcohol  was  treated  with  9  ml 
alcoholic  solution  of  hydrogen  chloride.  The  resulting  solution  was  placed  in  a  glass  container  in  a  rotating 
autoclave  and  subjected  to  hydrogenation  at  20"  and  a  pressure  of  80  atm.  in  presence  of  0.2  g  platinum  catalyst 
prepared  by  Adams'  method.  After  the  calculated  quantity  of  hydrogen  had  been  absorbed,  the  reaction  mass 
was  treated  with  20  ml  water  to  dissolve  the  precipitated  organic  salts.  The  platinum  was  filtered  off,  and  the 
filtrate  was  evaporated  in  vacuo  to  give  4.6  g  of  a  mixture  of  hydrochlorides.  Trituration  of  the  latter  in  pre¬ 
sence  of  30  ml  anhydrous  alcohol  led  to  separation  of  0.6  g  (16.5%)  of  4-aminopiperidine  dihydrochloride. 
Colorless  crystals  with  m.  p.  331-333*. • 

Picrate.  Light- yellow  crystals.  Insoluble  in  water  and  common  organic  solvents;  soluble  in  hot  alcohol; 
m.  p.  245’  (decomp.). 

Found  %;  36.88,  36.94;  H  3.44,  3.54;  N  19.69,  20.24.  CjHijht ’ZCsHgOyNs.  Calculated  %:  C  36.56; 

H  3.23;  N  20.07. 

B.  Via  isonipecotic  acid  hydrazide.  1.  Isonipecotic  acid  hydrazide.  A  solution  of  5  g  isonicotinic  acid 
hydrazide  in  75  ml  4%  hydrochloric  acid  was  subjected  to  hydrogenation  at  18-20*  and  a  pressure  of  20-30  mm 
water  column  in  presence  of  0.2  g  Adams  platinum  catalyst.  After  completion  of  the  hydrogenation,  the  plati¬ 
num  was  filtered  off  and  the  filtrate  was  evaporated  in  vacuo.  The  resulting  viscous  mass  crystallized  on  tri¬ 
turation  in  presence  of  alcohol.  Yield  of  isonipecotic  acid  hydrazide  dihydrochloride  5.9  g  (76%).  Colorless 
crystals  with  m.  p.  240-242*.  •  • 

2.  Curtius  reaction  with  isonipecotic  acid  hydrazide.  A  solution  of  3.1  g  sodium  nitrite  in  7  ml  water 
was  added  dropwise  with  stirring  to  a  solution  of  5  g  isonipecotic  acid  hydrazide  dihydrochloride  in  50  ml  water 
(cooled  to  —5*).  The  reaction  mass  was  left  for  an  hour  at  about  0*.  The  solution  was  evaporated  to  one-sixth 
of  its  original  volume.  The  precipitate  was  filtered  off  and  boiled  4  hours  with  50  ml  ethyl  alcohol.  The  alco¬ 
hol  was  distilled  off  and  the  residue  boiled  6  hours  with  100  ml  concentrated  hydrochloric  acid.  The  solution 
was  evaporated  to  dryness.  The  residue  was  triturated  in  presence  of  anhydrous  alcohol  and  recrystallized  from 
alcohol.  Yield  of  4-aminopiperidine  dihydrochloride  1.4  g  (35%).  Colorless  crystals,  m.  p.  331-332* . 

C.  By  the  Schmidt  reaction.  1.  Isonipecotic  acid  hydrochloride.  15  g  isonicotinic  acid  hydrochloride 
was  hydrogenated  in  225  ml  4%  hydrochloric  acid  at  18-20*  and  a  pressure  of  20-30  cm  water  column  in  pre¬ 
sence  of  0.4  g  Adams  platinum  catalyst.  After  completion  of  hydrogenation,  the  platinum  was  filtered  off  and 
the  filtrate  was  evaporated  to  give  15.5  g  isonipecotic  acid  hydrochloride  (quantitative  yield). 

•According  to  the  literature  [2]  4-aminopiperidine  dihydrochloride  has  m.  p.  332-335* . 

•  ‘According  to  the  literature  [8],  isonipecotic  acid  hydrazide  dihydrochloride  has  m.  p.  242-244*. 
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Colorless  prisms;  readily  soluble  in  water  and  hot  alcohol,  Insoluble  in  ether,  chloroform,  acetone  and 
benzene.  M.  p.  299*  (decomp.).* 

Found  %;  C  43.55,  43.44;  H  7.26,  7.09;  Cl’ 21.43,  21.25.  CeHnQjN.  HCl.  Calculated*^;  C43.60; 

H  7.25;  a*  21.43. 

2.  Schmidt  reaction  with  sodium  azide.  In  the  course  of  two  hours  15.6  g  sodium  azide  was  added  por- 
tionwise  at  4(f  to  a  mixture  (also  heated  to  40*)  of  33.1  g  isonipecotic  acid  hydrochloride,  100  ml  anhydrous 
benzene  and  80  ml  concentrated  sulfuric  acid.  The  reaction  mass  was  stirred  4  hours  at  40*,  and  then  2-3  hours 
at  the  boil  until  nitrogen  ceased  to  come  off.  It  was  treated  with  AQ’lo  sodium  hydroxide  solution  until  alkaline 
to  phenolphthalein.  The  benzene  layer  was  then  separated.  The  aqueous  alkaline  solution  was  extracted  with 
chloroform.  The  combined  chloroform  and  benzene  solutions  were  extracted  with  15%  hydrochloric  acid  and 
the  acid  extract  was  evaporated  to  dryness.  The  residue  was  triturated  with  anhydrous  alcohol  and  23  g  (66%) 
4-aminopiperidine  dihydrochloride  was  obtained. 

Colorless  crystals,  readily  soluble  in  water  and  insoluble  in  common  organic  solvents.  M.  p.  332-334*. 

Found  %:  C  34.62,  34.47;  H  8.13,  8.23.  CgHijl^  •2HC1.  Calculated  %:  C  34.68;  H  8.09. 

3.  Schmidt  reaction  with  hydrazoic  acid.  25  ml  of  benzene  solution  of  hydrazoic  acid  (containing  1.4  g 
l^H)  was  added  to  a  mixture  (heated  to  40*)  of  8.95  g  isonipecotic  acid  hydrochloride,  100  ml  anhydrous  ben¬ 
zene  and  17.9  ml  concentrated  sulfuric  acid.  The  temperature  rose  to  80*  and  the  reaction  was  performed  at 
80*  until  nitrogen  ceased  to  come  off  (about  2.5  hr).  The  reaction  mass  was  thereupon  cooled  to  40*  and  a 
further  26  ml  of  benzene  solution  of  hydrazoic  acid  (containing  1.43  g  of  the  acid)  was  added.  The  temperature 
again  gradually  rose  to  80*  and  the  reaction  was  carried  out  at  80*  again  for  about  2.5  hr  until  nitrogen  ceased 
to  be  evolved.  4-Aminopiperidine  dihydrochloride  was  isolated  as  in  the  preceding  experiment.  Yield  5.8  g 
(62%).  Colorless  crystals,  m.  p.  332-334*. 

1-Formylisonipecotic  acid.  A  mixture  of  44  g  isonipecotic  acid  hydrochloride,  18  g  sodium  formate  and 
150  ml  formic  acid  was  boiled  3  hours.  The  formic  acid  was  distilled  off  in  vacuo  together  with  the  water  of 
reaction.  Complete  removal  of  the  water  was  effected  by  treatment  of  the  residue  with  benzene  and  redistilla¬ 
tion  in  vacuo.  After  addition  of  200  ml  formic  acid,  the  reaction  mass  was  boiled  for  a  further  4  hr.  The  pro¬ 
cess  of  distillation  and  boiling  with  a  fresh  portion  of  formic  acid  was  again  repeated.  After  distillation  in  vacuo 
the  residue  was  dissolved  in  200  ml  water,  made  acid  to  Congo  with  hydrochloric  acid,  and  extracted  with  chloro¬ 
form.  The  extract  was  dried  with  sodium  sulfate.  Removal  of  the  chloroform  left  18.5  g  (44%)  of  1-formyliso- 
nipecotic  acid. 

Colorless  crystals.  Readily  soluble  in  benzene  and  chloroform,  poorly  soluble  in  alcohol  and  acetone,  in¬ 
soluble  in  ether  and  water;  m.  p.  136-138*. 

Found  %:  C  53.25,  53.12;  H  7.19,  7.13;  N  8.71,  8.86.  CtHhQjN.  Calculated  %:  C  53.50;  H  7.00; 

N  8.92. 

l-Formyl-4-formylaminopiperidine.  A  mixture  of  12.5  g  4-aminopiperidine  dihydrochloride,  9.85  g 
sodium  formate  and  100  ml  formamide  was  boiled  7  hr.  The  excess  of  formamide  was  distilled  off  in  vacuo. 

The  residue  was  treated  with  50%  potassium  carbonate  solution  and  extracted  with  chloroform.  The  chloroform 
solution  was  dried  over  potassium  carbonate  and  the  chloroform  was  distilled  off.  The  residue  was  distilled  in 
vacuo  and  a  fraction  with  b.  p.  195*  (0.2  mm)  was  collected.  The  substance  crystallized  on  rubbing.  Yield  7  g 
(62.5%)  l-formyl-4-formylaminopiperidine.  ) 

Colorless  crystals,  readily  soluble  in  chloroform,  alcohols  and  acetone,  insoluble  in  water,  ether,  benzene,  j 

toluene  and  ligroine;  m.  p.  77-79*.  [ 

I 

Found  %:  C  53.88,  53.76;  H  7.36,  7.64;  N  17.60.  C7HuOi^^.  Calculated  %:  C  53.85;  H  7.69;  N  17.95. 

SUMMARY  I 

1.  A  comparative  study  was  made  of  three  undescribed  variants  of  the  preparation  of  4-aminopiperidine 
using  the  reactions  of  Curtius,  Hofmann  and  Schmidt. 

•Literature  [7];  m.  p.  297-298*  (decomp.). 
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2.  A  preparative  method  for  the  synthesis  of  4-aminopiperldine  from  isonicotinic  acid  in  two  steps  was 
developed.  Over-all  yield  66*5?). 

3.  Catalytic  reduction  of  4-amlnopyridlne  to  4-aminopiperidine  was  effected. 
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THE  GLYCOSIDIC  ALKALOID  OF  THE  PLANT  SOLANUM  MEGAPARCUM  KOIDZ 


(LARGE- FRUITED  NIGHTSHADE) 

A.  S.  Labenskii,  I.  I.  Gerasimenko  and  L.  M.  Utkin 


Some  of  the  newest  modern  sources  of  steroids  are  various  varieties  of  nightshades  containing  glycosidic 
alkaloids  with  a  steroid  structure. 

In  the  present  paper  we  communicate  the  results  of  work  on  the  chemical  nature  of  one  variety  of  night¬ 
shade,  namely  the  large-fruited  nightshade  (Solanum  megacarpum  Koidz.).  In  its  natural  state  this  plant  grows 
in  river  valleys,  in  thickets  of  bushes,  in  marshy  meadows  in  Ukraine,  Sakhalin,  the  Kurile  islands  and  Japan. 

It  is  a  dwarf  shrub  from  the  botanical  section  of  the  Dulcamara  (Ehin)  Bitter  and  from  the  cycle  of  Dulcamara 
Pojark.  For  our  work  the  plants  were  cultivated  by  the  All-Union  Institute  of  Medicinal  and  Aromatic  Herbs 
(VILAR)  under  the  conditions  of  the  Moscow  region.  Seed  material  was  obtained  from  the  Botanical  Institute 
of  the  Academy  of  Sciences  of  the  USSR. 

We  collected  the  leaves  and  the  tips  of  the  young  shoots  during  the  period  from  the  start  of  flowering  to 
the  start  of  ripening  of  the  fruit. 

The  glycosidic  alkaloids  were  extracted  mainly  by  the  method  of  Kuhn  [1],  An  alkaloid  with  the  com¬ 
position  C49HgiO^(,N  with  m.  p.  260*  was  isolated.  The  quantity  of  substance  was  roughly  0.8%  of  the  weight 
of  raw  material.  Its  properties  show  it  to  be  different  from  any  previously  known  glycosidic  alkaloids.  We 
therefore  propose  to  name  it  "megacarpine."  It  forms  a  sulfate  with  m.  p.  218-219*  which  is  sparingly  soluole 
in  water.  It  was  subjected  to  nydrolytic  cleavage  in  dilute  methanol  in  presence  of  hydrochloric  acid.  In  this 
manner  we  obtained  the  hydrochloride  of  an  alkaloid  witn  the  composition  QyH^QjN*  HCl  •  O.bHgO,  m.  p. 
298-299^.  From  the  latter  a  base  (aglucone)  with  the  composition  C27H45CliN*H20  with  m.  p.  206-208*  was 
obtained.  The  elemental  composition  and  melting  point  of  the  latter  are  similar  to  those  of  tomatidine  [2], 
They  were  shown  to  be  different  substances,  however,  by  the  sharp  depression  of  melting  point  of  a  mixture  of 
the  two  substances  and  by  the  difference  in  specific  rotation.  The  molecule  of  the  new  aglucone  does  not  con¬ 
tain  a  double  bond  since  it  does  not  give  the  Alberti  reaction  [3]  and  does  not  titrate  with  dibromopyridine  sul¬ 
fate  [4].  The  properties  of  the  new  aglucbne  show  it  to  be  different  from  any  of  the  hitherto  known  aglucones, 
and  we  theretore  propose  to  name  it  "megacarpidine."  We  determined  the  nature  of  the  sugars  formed  on  hydro' 
lysis  of  megacarpine  by  paper  chromatography.  Glucose,  galactose  and  xylose  were  detected.  The  qualitative 
composition  of  the  sugars  is  thus  the  same  as  in  tomatine  and  demissine  [2,  5].  On  the  basis  of  the  elemental 
composition  of  megacarpine  and  its  aglucone,  we  can  conclude  that  4  molecules  of  simple  sugars  are  present 
in  megacarpine.  From  this  it  would  follow  that  2  molecules  of  one  of  the  detected  sugars  must  be  present  per 
molecule  of  megacarpine.  According  to  calculations,  the  over-all  specific  rotation  of  a  mixture  comprising 
1  mole  glucose,  1  mole  galactose  and  2  mbles  xylose  is  +42.75*.  For  a  mixture  of  the  same  sugars  with  2  moles 
glucose  the  specific  rotation  would  be  +51.02*;  for  a  mixture  with  2  moles  galactose  it  would  be  +58.12*.  We 
tound  a  value  of  +43.06*  for  the  specific  rotation  of  the  total  sugars  obtained  on  hydrolysis  of  megacarpine,  i.e., 
close  to  the  value  calculated  for  a  mixture  of  sugars  comprising  2  moles  xylose,  1  mole  galactose  and  1  mole 
glucose. 

In  the  light  of  the  facts  we  suggest  that  megacarpine  is  dihydrosolasodine  [6].  We  are  now  making  a 
study  of  the  nature  of  megacarpidine. 
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EXPERIMENTAL 


Isolation  of  the  glycosldlc  alkaloid  megacarplne.  900  g  dried  plant  material  was  extracted  with  5%  acetic 
acid  3  times,  each  time  with  18  liters,  at  20*.  The  acetic  acid  extracts  were  made  alkaline  with  ammonia  to 
phenolphthalein  and  then  heated  to  70*.  Tne  resulting  precipitates  were  separated  from  mother  liquor  on  the  next  day 
by  centrifuging.  The  dried  precipitates  were  subjected  to  exhaustive  extraction  witn  methanol  in  presence  of 
ammonia.  Removal  of  the  solvent  left  a  dry,  green  residue.  This  was  recrystallized  from  50%  alcohol  to  give 
7.5  g  of  crystals.  These  were  purified  by  two  recrystallizations  from  50%  alcohol.  After  drying  at  lOCT  (3  mm) 
over  P2C^  the  compound  had  m.  p.  259-260*  (decomp.);  [a]D~61.6*  (c  1.7,  pyridine).  On  further  drying  at 
100*  (0.001  mm)  the  substance  lost  a  further  6.8%water. 

Found  %:  54.49;  H  8.16;  N  1.23.  C49HgiOioN.  Calculated  %:  C  54.66;  H  8.34;  N  1.34. 

On  standing  in  the  air  the  glycosidic  alkaloid  again  took  up  the  water  that  it  had  lost  on  drying  in  high 
vacuum,  in  quantity  corresponding  to  4  moles  HjO  per  mole  megacarpine.  When  an  attempt  was  made  to  dis¬ 
solve  megacarpine  in  2%  H2SO4,  the  sulfate  came  down.  It  was  recrystallized  from  40%  alcohol  as  white  micro¬ 
crystals  with  m.  p.  218-219*  (decomp.). 

Hydrolysis  of  megacarpine.  2  g  of  megacarpine  was  boiled  for  3  hours  with  a  mixture  of  100  ml  10% 
hydrochloric  acid  and  100  ml  alcohol.  The  main  bulk  of  alcohol  was  then  distilled  off  in  vacuo,  and  hot  water 
was  then  added  to  the  residue  to  make  up  the  original  volume.  0.8  g  of  the  hydrochloride  of  the  aglucone  was 
obtained  and  was  recrystallized  from  75%  methanol  in  the  form  of  fine  needles,  m.  p.  298-299*  (decomp.).  The 
substance  was  analyzed  after  drying  at  100*  (2  mm)  over  P2C)^: 

Found  %:  C  70.48;  H  10.29;  N  3.00.  Q7H4502N  •  HCl  •  O.5H2O.  Calculated  %:  C  70.36;  H  10.06; 

N  3.04. 

The  hydrochloride  of  the  aglucone  last  1.81%  water  on  drying  in  high  vacuum  (0.001  mm)  at  100*.  Cal¬ 
culated  for  0.5  mole  H2O:  1.95%. 

On  standing  in  the  air  the  hydrochloride  of  the  aglucone  quickly  took  up  the  moisture  which  it  had  lost 
when  dried  in  high  vacuum. 

0.6  g  aglucone  hydrochloride  was  dissolved  in  26  ml  75%  methanol  by  boiling.  To  the  hot  solution  was 
added  an  excess  of  concentrated  ammonia,  0.53  g  crystalline  megacarpidine  was  obtained;  after  recrystalliza¬ 
tion  from  100  ml  80%  methanol  and  drying  at  100*  (2  mm)  over.P206  it  had  m.  p.  206-208*;  [a]j-j-54.3*  (c  0.5, 
methanol). 

Found  %:  C  75.04;  H  10.80;  N  3.18.  Cz7H450iN- H2O.  Calculated  %:  C  74.76;  H  10.96;  N3.23. 

Megacarpidine  loses  4.16%  water  when  dried  in  high  vacuum  at  1*00*  (0.001  mm).  Calculated  for  1  mole 
H2O;  4.16.  It  again  takes  up  one  mole  water  from  the  atmosphere  on  standing. 

Megacarpidine  picrolonate  was  obtained  on  mixing  alcoholic  solutions  of  megacarpidine  and  picrolonic 
acid:  white  needles  (from  alcohol),  m,  p.  218-219*.  Megacarpidine  picrate  is  readily  soluble  in  alcohol  and  is 
prepared  by  evaporting  an  alcoholic  solution  of  a  mixture  of  megacarpidine  and  picric  acid  and  subsequent  re¬ 
crystallization  of  the  dry  residue  from  40%  alcohol.  M.  p.  152-154*  (with  softening  at  about  142*). 

Determination  of  sugars  in  the  product  of  hydrolysis  of  megacarpine.  0.16  g  megacarpine  was  boiled 
with  5  ml  alcohol  and  5  ml  10%  H2SO4  for  3.5  hr.  The  alcohol  was  then  taken  off  in  vacuo  and  4  ml  water  was 
added.  The  mixture  was  heated  on  a  boiling  bath  and  left  until  the  next  day.  The  precipitated  megacarpidine 
sulfate  was  filtered  off  and  the  filtrate  neutralized  with  BaCOs.  The  filtrate  from  the  resulting  precipitate  was 
concentrated  to  3  ml.  This  solution  was  used  in  determination  of  sugars  by  paper  chromatography  with  indicators: 
glucose,  galactose,  rhamnose  and  xylose.  Solvents:  mixture  of  n-butyl  alcohol,  pyridine  and  water  (3 : 2 : 1.5) 

[7].  Ascending  chromatography  was  effected  in  the  course  of  15  hours.  The  traces  were  developed  with  a  solu¬ 
tion  of  aniline  hydrophthalate  in  n-butyl  alcohol  [8].  Three  traces  were  obtained  with  Rp  0.49,  0.40  and  0.35, 
corresponding  to  xylose,  glucose  and  galactose. 

For  quantitative  determination  of  the  sugars,  1.4965  g  megacarpine  (containing  4  moles  H2O)  was  heated 
with  80  ml  5%  H2SO4  4  hours.  The  resulting  megacarpidine  sulfate  was  filtered  off  and  washed  with  hot  water. 

The  acid  filtrate  and  the  wash  liquors  were  neutralized  with  BaC03  while  being  heated  on  a  boiling  water  bath. 
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After  standing,  the  precipitate  was  filtered  and  thoroughly  washed  with  water.  The  nearly  colorless  filtrate, 
together  with  the  wash  liquors,  was  evaporated  in  vacuo  and  made  up  to  24.5  ml  in  a  pycnometer  together 


with  1  drop  10%  NH3  solution.  a£j+3.23*,(/  2),  [a] p +43.06*  (on  the  assumption  that  1.4965  g  megacarplne 
gives  0.919  g  sugars).  This  is  close  to  the  calculated  value  of  [ajj)  for  a  mixture  of  alcohols  comprising  2 
moles  xylose,  1  mole  glucose  and  1  mole  galactose  (+42.75*). 

SUMMARY 

1.  A  new  glycosidic  alkaloid  -  megacarplne,  composition  C49HjiOiQN)—  was  Isolated  from  the  leaves 
and  young  shoots  of  Solanum  megacarpum  Koidz.  (large- fruited  nightshade). 

2.  Hydrolytic  cleavage  in  presence  of  mineral  acids  yielded  a  new  aglucone  —  megacarpidine,  compo» 

sltion  •  HjO. 

3.  It  was  established  that  acid  hydrolysis  causes  cleavage  of  the  megacarplne  molecule  with  formation 
of  1  mole  megacarpidine,  1  mole  glucose,  1  mole  galactose  and  2  moles  xylose. 
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ORGANIC  INSECTOFUNGICIDES 

XXXV.  REACTION  OF  1,1-DIFLUOROTETRACHLOROCYCLOPENTADIENE  WITH 
SOME  UNSATURATED  COMPOUNDS 

S.  D.  Volodkovich,  N.  N.  Mel'nikov,  A.  F.  Plate  and  M.  A.  Prianishnikova 


In  recent  years  the  literature  has  described  a  fairly  large  number  of  polycyclic  compounds  which  were 
obtained  by  condensation  of  hexachlorocyclopentadiene  with  various  unsaturated  compounds  [1-5],  Some  com¬ 
pounds  of  this  type  are  now  used  fairly  widely  in  agriculture  for  control  of  harmful  plants  and  also  as  raw  mater¬ 
ial  for  production  of  nonflammable  plastic  masses  [6].  Reports  have  recently  appeared  about  the  synthesis  of  a 
series  of  polychloropolyfluoro  derivatives  of  cyclic  hydrocarbons,  two  of  which  possess  appreciable  insecticidal 
activity  [7],  The  only  members  of  this  group  whose  preparation  has  hitherto  been  described  in  the  literature 
are  products  of  condensation  of  1,1-difluorotetrachlorocyclopentadiene  with  cyclopentadiene,  methylcyclopenta- 
diene,  maleic  anhydride,  benzoquinone,  styrene,  p-chlorostyrene  and  acrylic  acid  [7,  8], 

We  are  studying  the  mechanism  of  the  action  on  insects  of  chlorine -containing  insecticides  of  the  type 
of  Aldrin,  Dildrin  and  their  analogs  and  are  compiling  data  on  the  dependence  of  the  insecticidal  action  of  this 
group  of  compounds  on  stmcture.  In  this  connection  it  was  of  interest  to  synthesize  previously  undescribed  fluo¬ 
rine-containing  analogs  of  Aldrin  and  to  study  their  insecticidal  activity. 

In  the  first  instance  we  synthesized  l,2,3,4-tetrachloro-10,10-difluoro-l,4,5,8-diendomethylene-l,4,4a- 
5,8,8a-hexahydronaphthalene  and  l,2,3,4-tetrachloro-10,10-difluoro-l,4,5,8-diendomethylene-l,4,4a,5,6,7,8- 
8a-octahydronaphthalene  by  interaction  of  1,1-difluorotetrachlorocyclopentadiene  with  bicyclo-[2,2,l]-2,5- 
heptadiene  and  bicyclo-[2,2,l]-2-heptene.  These  compounds  are  the  nearest  analogs  of  Aldrin,  and  consider¬ 
able  interest  is  attached  to  their  study.  In  addition  we  synthesized  the  adducts  of  1,1-difluorotetrachlorocyclo- 
pentadiene  with  cyclopentene,  5-amylbicycIo-[2,2,l]-heptene-2,5-methylbicyclo-[2,2,l]-2-heptene-5-car- 
boxylic  acid,  acrylonitrile,  and  esters  of  maleic  acid.  The  compounds  that  we  synthesized  and  their  properties 
are  listed  in  the  Table. 

The  reaction  of  1,1-difluorotetrachlorocyclopentadiene  with  the  above  unsaturated  compounds  goes  rela¬ 
tively  easily  when  the  mixture  of  reactants  is  heated  for  a  short  period  on  a  water  bath.  The  yields  of  adducts 
of  1,1-difluorotetrachlorocyclopentadiene  with  the  different  unsaturated  compounds  are  small,  however,  due  to 
1,1-difluorotetrachlorocyclopentadiene  polymerizing  fairly  easily  and  forming  an  inert  dimer. 

Nearly  all  of  the  compounds  that  we  synthesized  were  found  to  have  poor  insecticidal  activity  in  tests 
carried  out  by  E.  F.  Granin.  An  exception  is  l,2,3,4-tetrachloro-10,10-difluoro-l,4,5,8-diendomethylene- 
l,4,4a,5,8,8a-hexahydronaphthalene  (difluoroaldrin),  which  is  slightly  inferior  to  chlorindan  in  activity. 

EXPERIMENTAL 

Starting  substances.  Cyclopentene  was  prepared  by  dehydration  of  cyclopentanol  over  alumina  at  400* ; 
homologs  and  derivatives  of  bicyclo-2,2,l-heptene  were  synthesized  by  the  diene  synthesis  from  cyclopenta¬ 
diene  and  the  corresponding  olefins  [9].  Bicyclo-[2,2,l]-2,5-heptadiene  was  obtained  by  condensation  of  cyclo¬ 
pentadiene  with  acetylene  at  elevated  temperature  and  pressure  [10].  Esters  of  maleic  acid  were  prepared  from 
the  corresponding  alcohols  and  maleic  anhydride  in  presence  of  catalytic  quantities  of  sulfuric  acid. 

1,1-Difluorotetrachlorocyclopentadiene  was  obtained  by  fluorination  of  octachlorocyclopentene  with 
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antimony  fluoride  in  presence  of  antimony  pentachloride  at  160-170*.  The  resulting  difluorohexachlorocyclo- 
pentene  was  dechlorinated  with  zinc  dust  in  sulfuric  acid  [7,  8].  The  1,1-difluorotetrachlorocyclopentadiene 
used  for  the  syntheses  had  b.  p,  70-71*  (20  mm),  (^°4  1.7382,  t?®D  1.4990. 

Condensation  of  1,1-difluorotetrachlorocyclopentadicne  with  unsaturated  compounds.  An  equimolar  mix¬ 
ture  of  the  reactants  was  refluxed  with  good  stirring  for  1-6  hours  on  a  water  bath.  At  the  end  of  the  reaction 
the  mixture  was  fractionated  in  vacuo  and  analyzed.  In  all  cases  fractionation  gave  fairly  large  quantities  of 
the  original  unsaturated  compound  and  of  the  dimer  of  1,1-difluorotetrachlorocyclopentadlene.  Increased  yields 
of  adduct  and  purer  products  are  obtained  by  conducting  the  reaction  with  excess  of  unsaturated  compound.  In 
this  case  the  quantity  of  dimer  of  difluorotetrachlorocyclopentadiene  is  slightly  reduced.  For  the  preparation 
of  "difluoroaldrin,"  for  example,  we  took  a  threefold  excess  of  the  starting  hydrocarbon.  The  synthesized  com¬ 
pounds  and  their  properties  are  listed  in  the  Table. 

SUMMARY 

The  condensation  of  1,1-difluorotetrachlorocyclopentadiene  with  various  unsaturated  compounds  was 
studied.  It  was  shown  that  this  reaction  goes  in  a  manner  entirely  similar  to  the  condensation  of  hexachloro- 
cyclopentadiene  but  with  somewhat  greater  facility.  A  series  of  fluorochloro  derivatives  of  polycyclic  hydro¬ 
carbons  not  previously  described  in  the  literature  were  synthesized. 
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INVESTIGATION  OF  ACONITE  ALKALOIDS 


XIII.  THE  ALKALOIDS  OF  ACONITUM  ROTUNDIFOLIUM  KAR.  AND  KIR.  AND 
ACONITUM  NEMORUM  M.  POP.  [1] 

T.  F.  Platonova,  A.  D.  Kuzovkov  and  P.  S.  Massagetov 


The  round-leaved  aconite  (Aconitum  rotundi folium  Kar.  et  Kir.)  is  a  small  perermial  with  two  small 
tubers  and  pale-lilac  flowers.  For  the  purpose  of  isolation  of  the  alkaloids,  the  above-ground  portions  were 
collected  during  the  flowering  period  (August- September)  in  Central  Tien  Shan,  ihe  dried  plant  contained 
about  0.157o  of  a  mixture  of  alkaloids  in  which  four  bases  were  detected  by  paper  chromatography.  An  alka¬ 
loid  C27H3i05N  and  another  with  the  composition  C26H34C)^N2  were  isolated  by  chromatography  on  alumina. 

The  forest  aconite  (Aconitum  nemorum  M.  Pop.)  is  a  perennial  herbaceous  plant  with  blue  flowers  and 
a  chain  of  intergrowing  tubers.  Whole  plants  were  collected  in  August  during  the  flowering  period  in  Tien 
Shan  in  the  region  of  Lake  Son-Kul.  The  dried  plant  contained  0.2%  of  a  mixture  of  alkaloids.  Two  bases 
were  detected  by  paper  chromatography  which  were  identified  as  talatisamine  [2]  and  its  monoacetyl  deriva¬ 
tive;  the  last  substance  was  obtained  [3]  by  acetylation  of  talatisamine  but  it  had  not  previously  been  found 
in  plants. 


EXPERIMENTAL 

Isolation  of  Alkaloids  from  Aconitum  ro  tu  nd  i  f  o  1  i  u  m 

8  kg  air- dry  plant  was  wetted  with  4  liters  of  5%  sodium  carbonate  solution  and  exhaustively  extracted 
with  dichloroethane.  The  bases  were  extracted  from  the  extract  with  5%  sulfuric  acid.  Alkalization  of  the 
sulfuric  acid  solution  with  sodium  carbonate  led  to  deposition  of  5.5  g  of  crystals  (fraction  a).  Extraction  of 
the  mother  liquor  with  chloroform  gave  8  g  of  noncrystallizing  mixture  of  alkaloids  (fraction  b).  Paper  chro¬ 
matography  revealed  the  presence  in  fraction  a  of  four  bases  (R^  0.85,  0.78,  0.54  and  0.35).  The  same  bases 
are  also  found  in  fraction  b.  5.5  g  of  the  mixture  of  bases  (a)  was  dissolved  in  55  ml  chloroform  and  chroma- 
togrammed  on  120  g  AI2O3.  Elution  with  chloroform  gave  0.1  g  of  base  with  Rf  0.82  which  melted,  after  2 
recrystallizations  from  acetone,  at  251.5-252*. 

Found  %:  C  69.21,  69.37;  H  6.71,  6.58;  N  2.96,  2.75;  NCH3  2.68;  OCH3  none.  QtHjjOsN.  Calculated  %: 
C  69.66;  H  6.71;  N  3.01;  NCH3  6.23. 

The  hydrochloride  crystallizes  from  a  mixture  of  alcohol  and  ether;  m.  p.  306*. 

Elution  with  a  mixture  of  chloroform  and  1%  methanol  gave  0.2  g  of  a  crystalline  mixture  of  bases  which 
was  resolved  by  treatment  with  hot  acetone.  The  insoluble  portion  was  a  mixture  of  3  substances  (Rf  0.75, 

0.54,  0.16).  From  the  dissolved  portion  was  obtained  0.05  g  of  a  base  with  Rf  0.56,  m.  p.  173-174*  (from  ace¬ 
tone). 

Found  %:  C  77.08,  77.87;  H  8.42,  8.70;  N  6.93.  M  465  (Rast  method).  C26H340feI^.  Calculated  %; 

C  76.81;  H  8.43;  N  6.89.  M  406.6. 

Separation  of  Alkaloids  from  Aconitum  nemorum 

Alkaloids  were  extracted  from  6  kg  air-dry  plant  by  extraction  with  dichloroethane  as  described  above. 


3157 


The  sulfuric  acid  extract  was  made  alkaline  with  sodium  carbonate  and  extracted  with  chloroform.  There  was 
obtained  12  g  of  a  noncrystalline  mixture  of  bases  (Rf  0.36,  0.46,  0.74)  which  was  dissolved  in  250  ml  chloro¬ 
form  and  chromatogrammed  on  250  g  alumina.  Elution  with  chloroform  gave  1.6  g  of  an  oily  product  (Rj  0.45) 
from  which  0.6  g  monoacetyltalatisamlne  (m.  p.  95-97*  from  hexane)  was  isolated  by  treatment  v;ith  hexane; 
Rf  0.45.  No  depression  of  melting  point  was  observed  in  admixture  with  the  monoacetyl  derivative  prepared 
from  talatisamine.  Elution  with  a  mixture  of  chloroform  and  10%  methanol  gave  3.2  g  talatisamine  m.  p. 
142-143.5*,  Rf  0.36.  1-Butanol  saturated  with  5%  acetic  acid  was  used  as  the  stationary  phase  in  paper  chro¬ 
matography;  development  was  effected  with  Dragendorf’s  reagent. 

SUMMARY 

1.  Alkaloids  Q7H3iOgN,  m.  p.  251.5-252*  and  C26H34P3N2  with  m.  p.  173-174*  were  Isolated  from 
Aconitum  rotundlfolium  Kar.  et  Kir. 

2.  Talatisamine  and  monoacetyltalatisamlne  were  isolated  from  Aconitum  nemorum. 
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ALKALOIDS  OF  THE  C HENOPOD lA CEA E  (GOOSEFOOT) 


ANABASIS  JAXARTICA  AND  ARTHROPHYTUM  LEPTOCLADUM 
T.  F.  Platonova,  A.  D.  Kuzovkov  and  P.  S.  Massagetov 


Anabasis  jaxatica  (Bge.)  Benth,  the  Syr-Dar'e  anabasis  ,  is  a  small  (20-30  cm  tall)  perennial  which  is 
plentiful  in  the  solonetz  plains  bordering  on  the  River  Syr-Dar'e.  The  investigated  material  consisted  of  year- 
old  shoots  collected  in  the  early  stage  of  growth  of  the  plant  (before  flowering)  in  the  Dzhambul  oblast  of  the 
Kazakh  SSR.  The  dry  plant  contained  0.16%  of  a  mixture  of  alkaloids  in  which  four  bases  were  detected  by 
paper  chromatography  (Rf  0.80,  0,41,  0.33,  0.17).  Two  bases  could  be  isolated  on  the  basis  of  their  differing 
basicities:  No.  1  (Rf  0.33)  and  No.  2  (Rf0.41).  Compounds  with  Rf  0.80  and  0.17  give  weak  traces  on  the  chro¬ 
matogram  and  are  evidently  present  in  insignificant  quantity  in  the  plant.  The  composition  of  base  No.  1 
corresponds  to  CgH^ON;  it  melts  at  133-134.5*,  dissolves  in  water ,gives  a  violet  color  with  ferric  chloride  solu¬ 
tion.  Its  infrared  spectrum  contains  absorption  bands  at  3.0/1  (weak,  NH),  3.8  /i  (doublet,  zwitterion),  6.2  fi 
(doublet,  conjugated  bonds).  It  forms  an  N-acetyl  derivative  with  acetyl  chloride,  indicating  the  presence  of 
secondary  nitrogen.  Oxidation  of  the  O-methyl  derivative  of  base  No.  1  gave  p-methoxybenzoic  acid.  The 
composition  and  properties  of  base  No.  1  and  the  constants  of  its  salts  are  similar  to  those  of  N-methyl-4- 
hydroxy-6 -phenylethylamine  [1]  (Table  1). 

The  above  data  provide  sufficient  evidence  of  the  identity  of  these  substances.  It  may  be  noted  that 
N-methyl-4-hydroxy-6 -phenylethylamine  has  not  hitherto  been  found  in  plants,  although  its  N-methyl  deriva¬ 
tive—  gordenine  [2]  —  has  been  known  for  a  long  time.  Base  No.  2,  C^oHisON,  differs  from  No.  1  in  containing 
an  additional  Ch2  group.  The  compound  melts  at  166-169*.  Zwitterion  absorption  bands  are  present  in  the 
infrared  spectrum,  very  close  to  the  bands  of  No.  1  (3.7,  3.8  (i)  as  well  as  conjugated  double-bond  bands  (6.2  fi). 
This  compound  is  new,  and  we  propose  the  name  of  "jaxartininex." 

Arthrophytum  leptocladum  M.  Pop.  (thin-stemmed  haloxylon).  The  alkaloids  of  this  plant  were  previously 
investigated  by  N.  K.  lurashevskii  [3J  who  isolated  dipterine,  leptocladine  and  N-methyl-S -phenylethylamine. 
The  sample  of  the  plant  that  we  studied  (year-old  green  shoots  in  the  flowering  period)  was  collected  in  the 
Surkhan-Dar'in  oblast  of  the  Uzbek  SSR.  It  was  extremely  rich  in  alkaloids  (3.7%  content  of  mixture  of  bases). 

In  addition  to  dipterine  and  leptocladine  we  were  able  to  isolate  a  base  Ci2Hi4N2  with  m.  p.  216-218*.  The 
latter  contains  one  NCH3  group.  One  of  the  two  nitrogen  atoms  possesses  marked  basic  properties:  with  excess 
of  hydrochloric  acid  the  base  forms  a  monohydrochloride  C12H14N2  •  HCl.  The  infrared  spectrum  contains  an 
absorption  band  of  the  associated  NH  group  (3.2  4).  The  ultraviolet  absorption  spectrum  is  similar  to  that  of 
indole  with  Xmax  ®  4.28,  3.90). 

On  the  basis  of  the  above  data,  and  taking  into  account  the  similarity  between  the  constants  of  our  base 
and  its  salts  and  those  of  3-methyl-l,2,3,4-tetrahydro-8-carboline  [4]  (see  Table  2),  we  can  regard  these  two 
compounds  as  identical. 

EXPERIMENTAL 

Alkaloids  of  Anabasis  jaxartica.  Eleven  kg  dry,  pulverized  plant  was  extracted  by  the  usual  method  [5]. 
From  the  ethereal  extract  was  obtained  11.7  g  (fraction  a),  and  from  the  chloroform  extract  5.9  g  (fraction  b) 
of  noncrystalline  total  bases.  Total  content  of  alkaloids  0.16%.  Paper  chromatography  in  the  system  butanol 
—  5%  acetic  acid  revealed  the  presence  of  four  substances:  Rf  0.80,  0.41,  0.33,  0.17.  The  compounds  with  Rf 
0.8  and  0.17  give  very  weakly  colored  traces  on  the  paper.  The  compound  with  Rf  0.33  was  developed  by 
iodine  vapor  and  the  others  by  Dragendorf  reagent. 


TABLE  1 


Preparation 

number 

Name  of  substance 

N- Methyl-4 -hydroxy-B  - 
phenylethylam  ine 

Base  No.  1 

1 

C9H13ON 

128-130*;  130* 

C9H13ON 

133-134.5* 

2 

Hydrochloride,  m.  p. 

146-14r;  148* 

149-150.5* 

3 

Picrate,  m.  p. 

149* 

148-148.5* 

4 

Picrolonate,  m.  p. 

234-235* 

238* 

5 

Acid  oxalate,  m,  p. 

250* 

251* 

TABLE  2 


Preparation 

number 

Name  of  substance 

3-  Methyl- 1 ,2 ,3 ,4-tetra- 
hydro-6  -  carboline 

Base 

1 

Base  {comp. 

C12H14NJ. 

CuHi4N2 

m.  p. 

216-217* 

216-218* 

2 

Picrate,  m.  p. 

197-198* 

195-19r 

3 

Methoiodide,  m.  p. 

265* 

265-266* 

4 

Benzyl  chloride,  m.  p. 

165* 

Contracts  at  165* 
Melts  at  202* 

11.7  g  bases  (fraction  a)  was  dissolved  in  30  ml  1  N  sulfuric  acid.  Fractional  alkalization  of  the  solution 
gave  10  fractions;  extraction  of  bases  from  each  fraction  was  effected  with  ether.  The  5th  and  6th  fractions, 
after  trituration  in  presence  of  acetone,  gave  0.1  g  of  jaxarthinine;  from  the  9th  and  10th  fractions  was  obtained 
0.55  g  of  base  No.  1.  5.9  g  of  bases  b  was  dissolved  in  50  ml  water,  the  solution  was  washed  with  ether  and  ben¬ 
zene  and  then  evaporated  to  dryness.  Trituration  of  the  residue  with  acetone  gave  0.4  g  of  base  No.  1.  All  the 
mother  liquors  from  treatment  of  fractions  a  and  b  were  combined  and  the  bases  were  distilled  in  vacuo  (0.1mm); 
from  the  fraction  with  b.  p.  170-180*  was  isolated  0.6  g  of  base  No.  1. 

Base  No.  1,  m.  p.  133-134.5*  (from  acetone),  Rf  0.33;  soluble  in  water,  chloroform, ether,  acetone,  and 
methanol. 

Found  %;  C  71.72  ,  71.54;  H  8.68,  8.50;  N  8.94  ,  9.28.  M  185  (Rasfs  method).  C9H13ON.  Calculated  lox 

C  71.53;  H  8.67;  N  9.27.  M  152. 

The  hydrochloride  was  prepared  by  mixing  alcoholic  solutions  of  the  base  and  hydrochloric  acid;  m.  p. 
149-150.5*  (from  alcohol-ether  mixture). 

Found  <51) :  0118.81,18.78.  CsHuON-HCl.  Calculated  Cl  18.89. 

Picrate,  m.  p.  148-148.5*  (from  alcohol).  Picrolonate,  m.  p.  238*  (decomp.).  Acid  oxalate,  m.  p.  251* 
(from  alcohol)..  All  of  these  salts  were  prepared  by  mixing  alcoholic  solutions  of  the  base  and  the  correspond¬ 
ing  acid. 

0.2  g  base  No.  1  and  5  ml  acetyl  chloride  were  boiled  2  hours.  0.1  g  of  N-acetate  was  obtained;  m.  p. 
140-142*  (from  methanol).  The  zwitterion  band  and  the  3  fi  band  (NH)  were  absent  from  the  infrared  spectrum, 
which  contained  a  strong  band  at  3.1  fi  (OH  group)  and  which  had  a  stronger  1613  cm"^  band  in  the  6.2  fi  region 
(amide-carbonyl)  than  in  the  spectrum  of  base  No.  1. 

To  a  solution  of  0.5  g  base  in  3  ml  10*70  NaOH  was  added  1  ml  dimethyl  sulfate;  the  mixture  was  heated 
one  hour;  after  dilution  to  20  ml  with  water,  3  g  KMn04  was  added  portionwise  in  the  course  of  4  hours,  at  first 
at  room  temperature  and  later  at  100*.  The  MnO^  was  filtered  off  and  the  filtrate  acidified  with  hydrochloric 
acid  and  extracted  with  ether.  0.05  g  acid  was  obtained  with  m.  p.  184-185*;  no  depression  of  melting  point 
in  admixture  with  p-methoxybenozoic  acid. 

Jaxarthinine,  m.  p.  166-169^  (from  acetone),  Rf  0.41;  readily  soluble  in  chloroform,  less  soluble  in  ace¬ 
tone. 
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Found  <1oi  C  72.85,  72.94;  H  8.67,  8.83;  N  8.54,  8.73.  CioH,sON.  Calculated  loi  C  72.70;  H  9.15; 
N  8.47. 


Alkaloids  of  Arthrophytum  leptocladum.  16  kg  dried  plants  was  worked  up  as  previously  described.  From 
the  ethereal  fraction  was  obtained  570  g  (fraction  a)  and  from  the  chloroform  fraction  30  g  (fraction  b)  of  a 
noncrystalline  mixture  of  bases.  Alkaloid  content  3.7%.  Paper  chromatography  revealed  the  presence  of  sub¬ 
stances  with  Rf  0.48,  0,53  and  0.60. 

310  g  of  the  mixture  of  bases  (fraction  a)  was  distilled  at  8  mm  to  give  the  following  fractions;  1st,  to 
195*,  15  g;  2nd,  195-205*,  144  g;  3rd,  206-230*,  46  g.  Mixing  of  the  2nd  fraction  with  ether  (1 : 1)  led  to  separa¬ 
tion  of  50  g  dipterine,  m,  p.  88-90*  (from  ether).  Similar  treatment  of  the  3rd  fraction  led  to  deposition  of  a 
base  (2.2  g)  with  m.  p.  216-218*  (from  methanol).  The  ether  was  removed  from  the  mother  liquors  of  the  2nd 
and  3rd  fractions,  the  residue  was  dissolved  in  acetone,  and  alcoholic  hydrochloric  acid  was  added.  In  this 
manner  31  g  of  leptocladine  hydrochloride  was  obtained;  m.  p.  230-232*.  Dipterine  and  leptocladine  were 
identitied  by  direct  comparison  with  corresponding  specimens  of  the  bases  and  their  salts. 

260  g  of  the  mixture  of  bases  (a)  was  divided  into  15  smaller  fractions  by  fractional  alkalization.  From 
the  6th  to  10th  fractions  was  obtained  leptocladine  in  the  form  of  the  hydrochloride  (7.5  g);  the  13th  and  14th 
fractions  yielded  9  g  dipterine.  The  mother  liquors  from  all  of  the  fractions  were  combined  and  the  bases  with 
them  were  distilled  at  8  mm  in  the  ranges  described  above.  From  the  3rd  fraction  was  isolated  0.7  g  of  base 
with  m.  p.  216-218*  (from  methanol);  readily  soluble  in  chloroform,  less  soluble  in  acetone,  alcohol  and  ether. 

Found  %;  C  77.34,  77.79;  H  7.18,  7.63;  N  15.04,  14.89;  NCHj  10.9.  M  201(Rast  method). 

Calculated  %:  C  77.40;  H  7.57;  N  15.03;  NCHj  15.59. M  186. 

Hydrochloride,  m.  p.  245-24T  (from  a  mixture  of  alcohol  and  ether). 

Found  %:  C  65.07;  H  6.82;  Cl  16.00.  CuH^I^  -HCl.  Calculated  %:  C  65.01;  H  6.82;  Cl  15.99. 

Picrate,  m,  p.  195-197*  (from  alcohol).  The  methoiodide  was  obtained  by  heating  the  base  with  methyl 
iodide  in  a  sealed  tube  at  100*  for  7  hours;  m.  p.  265-266*  (from  alcohol). 

The  benzyl  chloride  derivative  was  obtained  by  heating  a  solution  of  the  base  in  benzene  with  benzyl 
chloride  for  30  minutes.  The  compound  turns  yellow  and  contracts  at  165*  and  melts  at  202*  (from  a  mixture 
of  ether  and  alcohol). 


SUMMARY 

1.  N-Methyl-4-hydroxy-6 -phenylethylamine  and  a  new  alkaloid,  jaxarthinine,  CioHjsON  (m.  p.  166- 
169*)  were  isolated  from  the  plant  Anabasis  jaxartica  of  the  family  of  the  Chenapodiaceae(Goosefoot). 

2.  3-Methyl-l,2,3,4-tetrahydro-8-carboline  was  isolated  from  Arthrophytum  eptocladum,  a  plant  of  the 
same  family. 
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ALKALOIDS  OF  PLANTS  OF  THE  FAMILY  OF  THE  A  S  C  LEP I A  D  A  C  E  A  E 

(MILKWEED) 

r.  ANTITOXICUM  FUNEBRE  (BOISS.  ET  KY.)  POBED. 

T.  F.  Platonova,  A.  D.  Kuzovkov  and  P.  S,  Massagetov 


Very  little  is  known  about  the  alkaloids  of  the  plants  of  the  milkweed  family.  Isolation  of  two  alkaloids 
from  Tilophora  asthmatica  Wigt  &  Arn.  has  been  reported  [1];  tilophorine  C24H2704N  and  tilophorinine  C23H27O4N. 
Nicotine  has  been  found  in  Asclepias  syriaca  [2],  Up  to  40  varieties  of  plants  of  this  family  are  found  in  the  USSR 
[3],  but  only  two  of  these  have  been  subjected  to  chemical  investigation:  Cynanchum  acutum  L.  and  Vincetoxi- 
cum  sibiricum.  No  alkaloids  were  detected,  however,  in  these  plants  [4], 

In  view  of  the  great  interest  recently  shown  in  the  alkaloids  of  plants  of  the  Apocynaceae  family  and  the 
close  botanical  relationship  between  this  family  and  that  of  the  Asclepiadaceae,  we  decided  to  undertake  a 
study  of  the  alkaloids  of  the  latter.  Antitoxicum  funebre  (Boiss.  et  Ky.)  Pobed.  is  a  plant  40-70  cm  high  with 
straight  single  and  sometimes  branchy  shoots,  growing  on  dry  stony  slopes  in  screes  and  arid  areas.  The  dried 
aboverground  portions  of  the  plant  collected  in  Caucasia  in  June  1953  contained  0.26*70  01  total  alkaloids.  Paper 
chromatography  established  the  presence  of  substances  with  Rf  0.45  and  0.33.  Chromatography  of  the  total  alka¬ 
loids  on  alumina  led  to  isolation  of  a  base  C23H250^N  with  m.  p.  213-215*,  Rf  0.45,  containing  3  OCH3  groups. 

The  infrared  spectrum  of  the  base  does  not  contain  bands  of  lactam ic  carbonyls  or  of  OH  and  NH  groups.  This 
is  a  new  alkaloid,  and  we  propose  to  call  it  antophine.  Extremely  small  quantities  of  two  other  bases  were  also 
isolated  and  were  characterized  only  by  their  melting  points.  One  of  them  melts  at  113-116*,  then  solidifies 
and  again  melts  at  239*;  Rf  0.42;  the  other  has  m.  p.  225-226*,  Rf  0.33. 

EXPERIMENTAL 

Two  kg  dry,  pulverized  above-ground  portions  of  the  plant  were  moistened  with  aqueous  ammonia  and  ex¬ 
tracted  with  dichloroethane.  The  material  was  worked  up  in  the  usual  manner  [5],  From  the  ethereal  extract 
was  obtained  4.9  g  (fraction  a)  and  from  the  chloroform  extract  0.4  g  (fraction  b)  of  bases  in  the  form  of  oil- 
containing  crystals.  Paper  chromatography  in  the  system  butanol  —  5*70  acetic  acid  led  to  detection  of  substances 
with  Rf  0.45  and  0.33.  On  rubbing  fraction  a  and  a  little  acetone,  0.5  g  of  crystals  was  obtained;  the  same 
treatment  of  fraction  b  gave  0.05  g  of  crystals.  Evaporation  of  the  acetonic  mother  liquors  gave  a  noncrystalline 
mixture  of  bases  (fraction  c).  A  solution  of  0.55  g  of  the  crystalline  substance  in  15  ml  chloroform  was  passed 
through  a  column  containing  20  g  alumina.  The  alkaloids  were  eluted  at  first  with  chloroform  and  then  with  a 
mixture  of  chloroform  and  methanol  (1,2,5  and  10*70  methanol).  Ten  fractions  were  obtained.  From  the  1st 
fraction  was  isolated  0.25  g  antophine,  but  no  pure  substances  were  separated  from  the  other  fractions.  4.3  g 
of  the  mixture  of  bases  (fraction  c)  was  dissolved  in  80  ml  chloroform  and  the  solution  was  passed  through  a 
column  containing  150  g  alumina.  Elution  was  effected  as  described  above.  Fifteen  fractions  were  obtained 
and  were  treated  with  acetone  to  give:  0.1  g  antophine  from  the  1st  fraction  and  0.03  g  of  a  base  from  the  9th 
fraction.  The  latter  melted  at  113-116*,  then  solidified  and  finally  remelted  at  239"  (from  a  mixture  of  metha¬ 
nol  and  ether),  Rf  0.42.  This  substance  fluoresced  strongly  in  the  ultraviolet.  From  the  13th  fraction  was  iso¬ 
lated  0.03  g  of  a  base  with  m.  p.  225-226*  (from  methanol),  Rf  0.33.  Antophine  is  poorly  soluble  in  alcohol 
and  acetone,  readily  soluble  in  chloroform;  m.  p.  213-215*  (from  acetone),  Rf  0.45. 

Found  *7>:  C  76.14,  75.85;  H  7.00,  7.18;  N  4.16,  3.98;  OCH3  23.27.  C^HjsQsN.  Calculated  *7o:  C  76.01; 

H  6.93;  N  3.85;  3  OCH3  25.59. 
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SUMMARY 

A  new  alkaloid,  antophine,  with  the  composition  CtsHxsOjN  and  two  uncharacterized  bases  were  isolated 
from  Antitoxlcum  funebre  (Boiss.  et  Ky.)  Pobed.  of  the  family  of  the  Asclepiadaceae. 
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SPECTROPHOTOMETRY  OF  BIURET  COMPLEXES  AS  A  METHOD  OF 
INVESTIGATION  OF .  P  OL  Y  P  EP  T  I D  ES  AND  PROTEINS 

XK.  SOME  DOUBLE  DECOMPOSITION  REACTIONS  OF  COPPER-BIURET  COMPLEXES 

M.  I.  Plekhan 


In  earlier  spectrophotometric  studies  of  copper-biuret  complexes  we  arrived  at  the  conclusion  that  the 
chromophoric  properties  of  these  compounds  are  associated  with  coordinated  bonds  and  that  consequently  a  dif¬ 
ference  in  the  character  of  the  absorption  reflects  a  difference  in  the  composition  of  the  inner  shell  of  the  coor¬ 
dination  sphere  of  the  complexes.  On  the  basis  of  these  considerations  we  proposed  a  classification  of  copper- 
biuret  complexes  that  differed  fundamentally  from  the  classification  advanced  in  1916  by  Kober  and  Haw  [2]. 

We  may  recall  that  the  latter  attributed  the  chromophoric  porperties  not  to  coordination  bonds  but  to  the  copper 
atom  itself  in  one  stage  or  other  of  its  hydration.  The  classification  of  Kober  and  Haw  postulated  the  existence 
in  general  of  only  three  complexes  which  characterize  the  three  hydration  stages  of  the  copper  atom,  and  in 
their  work  they  attempted  to  show  that  the  colors  of  the  complexes  can  be  arranged  in  three  -  and  only  three  — 
classes  and  that  the  absorption  spectra  of  a  class  are  substantially  identical  [2].  The  latter  assertion  of  Kober 
and  Haw  was  based  on  their  numerous  but  technically  inaccurate  measurements  which  failed  to  differentiate  be¬ 
tween  the  fine  distinctions  in  the  character  of  absorption  of  the  complexes.  Thus,  for  example,  according  to 
the  data  of  Kober  and  Haw  the  red  copper-biuret  complexes  of  biuret  and  a  tetrapeptide  have  the  same  absorp¬ 
tion  character.  Our  measurements  showed,  however,  that  this  is  not  true,  the  maximum  of  the  biuret  complex 
being  at  535  m^  and  that  of  the  tetrapeptide  complex  at  520  mp .  The  molecular  intensity  of  absorption  of  the 
biuret  complex  is  one-quarter  of  that  of  the  tetrapeptide  complex.  In  our  investigations  we  have  adduced  other 
examples  that  show  the  fallacy  in  the  ideas  of  Kober  and  Haw. 

In  the  present  work  we  have  also  confirmed  the  existence  of  a  direct  relation  between  the  properties  of  the 
complex  and  the  composition  of  the  coordination  bonds.  Here  we  examined  the  relative  stabilities  of  copper- 
biuret  complex  in  some  double  decomposition  reactions. 

1.  Wavelength  of  absorption  maximum  as  a  criterion  of  the  relative  stability  of  a  copper-biuret  com¬ 
plex.  In  preceding  communications  we  had  already  drawn  attention  to  the  differing  activitives  of  formation  of 
biuret  complexes  which  are  reflected  in  the  ability  of  one  substance  to  displace  another  from  a  complex  [3]. 

This  effect  undoubtedly  involves  not  only  the  activity  of  formation  but  also  the  strength  of  the  coordinative 
bonds  of  the  cothplex.  In  the  present  work  we  tried  to  establish  a  connection  between  the  character  of  the  ab¬ 
sorption  and  the  relative  stability  of  copper-biuret  complexes  in  the  above  type  of  reaction  starting  from  the 
assumption  that  the  most  stable  complexes  must  possess  maximum  absorption  of  the  shortest  waves. 

An  experiment  was  therefore  designed  to  examine  spectrophotometrically  the  stability  of  copper-biuret 
complexes.  This  involved  the  addition  to  their  solutions  of  substances  possessing  a  maximum  at  a  shorter  wave¬ 
length.  It  was  of  particular  interest  to  clarify  the  behavior  under  these  conditions  of  completed  red  complexes 
in  order  to  establish  whether  any  differences  arise  in  stability  within  one  group  of  complexes. 

The  following  facts  emerged  from  the  experiments:  a)  addition  of  a  tetrapeptide  (glycine)  to  a  light- 
pink  solution  of  copper-biuret  complex  (0.154%)  very  soon  led  to  development  of  a  deep-red  color  (see  Experi¬ 
mental  for  details).  Spectrophotometric  examination  of  the  solutions  showed  that  the  character  of  the  absorp¬ 
tion  undergoes  a  profound  change.  Solution  I  of  the  biuret  complex  possessed  an  absorption  maximum  at  535  mp  . 
€  max  0*256  (Fig.  1,  I).  Twenty  minutes  after  the  addition  of  the  tetrapeptide  the  maximum  moved  into  the 
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Fig.  1.  Spectrophotometric  curves. 

I)  Solution  of  copper-biuret  com¬ 
plex  (0.154*70);  II)  the  same,  20  min¬ 
utes  after  addition  of  triglycylgly- 
cine. 
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Fig.  2.  Spectrophotometric  curves. 
I)  Solution  of  copper-biuret  com¬ 
plex  of  leucylglycylasparaglne 
(0.015%);  II)  ditto  20  minutes  after 
addition  of  triglycylglycine. 


wavelength  of  520  mp  and  the  intensity  of  the  maximum  of  absorption  rose  to  1.1.  The  resulting  solu¬ 

tion  II  corresponds  to  a  solution  of  the  copper-biuret  complex  of  the  tetrapeptide  (Fig.  1,  II).  The  reverse  pro¬ 
cess  does  not  occur,  i.e.,  addition  of  biuret  to  a  solution  of  the  complex  of  the  tetrapeptide  does  not  result  in 
displacement  of  the  tetrapeptide.  Consequently,  the  coordination  bonds  of  the  biuret  complex  are  weaker  than 
the  coordination  bonds  of  the  tetrapeptide  complex.  It  should  be  pointed  out  that  the  wavelength  of  maximum 
absorption  of  the  biuret  complex  is  higher  than  that  of  the  maximum  of  the  tetrapeptide  complex. 

The  process  of  displacement  in  the  present  case  can  be  represented  by  the  arbitrary  scheme.* 


^G=NH-,  I  NH=G<^ 

(  >Cu;-  -  ^  _ 

^C:=NH  •'  ••  NH=c/ 

535  in|i 

Scheme 
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/  i  o-  ,  ^ 
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b)  To  the  red  solution  1(0.105%)  of  the  copper-biuret  complex  of  leucylglycylasparaglne  was  added  the 
tetrapeptide;  after  20  minutes  solution  II  is  formed;  this  corresponds  to  the  copper-biuret  complex  of  the  tetra¬ 
peptide.  The  maximum  of  the  original  solution  I  (see  Fig.  2,  I)  is  at  525  mp ,  Cmax  0.233.  The  maximum  of 
solution  II  (Fig.  2,  II)  is  at  520  mp ,  0.403.  The  coordination  sphere  of  the  leucine-glycine- asparagine 

complex  is  less  stable  than  that  of  the  tetrapeptide  and  is  characterized  by  absorption  of  longer  waves.  The 
displacement  process  is  represented  by  scheme  2. 
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It  is  interesting  to  note  that  the  difference  in  composition  of  the  coordination  bonds  of  these  complexes 
consists  in  the  fourth  coordination  bond  of  leucylglycylasparaglne  being  formed  by  an  amide  group  while  in  the 

•We  previously  gave  the  detailed  structural  formulas  of  the  complexes  [1];  in  the  present  case  we  limit  our¬ 
selves  to  depicting  only  the  inner  coordination  sphere  of  the  complex.  We  do  not  feel  that  a  final  explanation  has 
been  given  on  the  problem  of  the  nature  of  the  bonds  between  the  copper  atom  and  the  enolic  hydroxyls. 
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Fig.  3.  Spectrophotometric  curves. 

I)  Solution  of  copper-biuret  com¬ 
plex  of  diglycylglycine  (0.126%); 

II)  ditto  20  minutes  after  addition  of 
triglycylglycine. 


X  miJL 

Fig.  4.  Spectrophotometric  curves. 

I)  Solution  of  copper-biuret  com¬ 
plex  of  leucylglycyltryptophan  (0.13%); 

II)  ditto  20  minutes  after  addition  of 
triglycylglycine. 


triglycylglycine  complex  it  is  a  peptide  group.  Consequently  the  exchange  of  one  group  by  the  other  causes 
the  absorption  maximum  to  be  shifted  by  5  wfi.  In  the  preceding  experiment  (scheme  1)  the  replacement  of 
then  three  amide  groups  in  the  coordination  sphere  of  the  complex  (biuret)  by  three  peptide  groups  led  to  a 
15  wft  shift  in  the  absorption  maximum,  i.e.,  a  5  mp  shift  of  maximum  is  likewise  associated  with  each  newly 
formed  coordination  bond  with  a  peptide  group.  We  previously  put  forward  the  hypothesis  [1]  that  light  absorp¬ 
tion  by  copper-biuret  complexes  presumably  bears  a  certain  additive  character  and  is  governed  by  the  sum  of 
the  absorptions  of  the  individual  coordinative  bonds.  This  hypothesis  is  supported  by  the  experiments  described 
above. 

If  it  is  true  that  the  position  of  the  absorption  maximum  can  serve  as  a  criterion  of  the  relative  stability 
of  a  biuret  complex,  then  substances  forming  complete  red  complexes  must  evidently  always  decompose  the 
incomplete  violet  complexes  which  possess  an  absorption  maximum  in  the  region  of  longer  wavelengths.  The 
inner  coordination  sphere  of  the  completed  red  complexes,  containing  four  coordination  bonds  with  nitrogen- 
containing  groups,  must  always  be  more  stable  than  a  coordination  sphere  in  which  one  or  two  coordination 
bonds  are  formed  by  oxygen-containing  groups.  This  view  is  confirmed  by  the  following  experiments. 

c)  Tetrapeptide  was  added  to  the  violet  solution  1  of  the  copper  complex  of  diglycylglycine  (0.126%). 
The  color  changed  very  quickly  and  red  solution  11  was  formed.  Figure  3  (curve  1)  shows  that  solution  1  had 
maximum  absorption  at  575  mp  and  ^niax  0.565.  Twenty  minutes  after  addition  of  tetrapeptide,  solution  11 
was  formed  with  absorption  maximum  at  520  mp  and  Cmax  0.875,  corresponding  to  the  tetrapeptide  complex. 
The  process  of  displacement  is  represented  by  scheme  3. 
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The  tetrapeptide  quantitatively  cleaves  the  diglycylglycine  complex,  as  will  be  shown  in  the  following 
section.  If,  however,  diglycylglycine  is  added  to  the  solution  of  the  copper-biuret  complex  of  the  tetrapeptide, 
no  changes  are  observed.  The  coordination  sphere  of  diglycylglycine  is  therefore  less  stable  than  the  coordina¬ 
tion  sphere  of  the  tetrapeptide,  and  the  cause  of  its  Instability  is  the  quaternary  coordination  bond  which,  in  our 
opinion,  is  formed  by  a  water  molecule;  the  development  of  this  bond  in  the  coordination  sphere  of  the  complex  was 
evidently  the  cause  of  the  shift  of  the  absorption  maximum  of  the  diglycylglycine  complex  toward  the  longer  waves  by 
55  mp  in  comparison  with  the  maximum  of  the  tetrapeptide  complex. 

d)  Tetrapeptide  was  added  to  the  violet  solution  I  of  the  copper-biuret  complex  of  leucylglycyltryptophan 
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Fig.  5.  Spectro photometric  curves, 

I)  Solution  of  copper-biuret  com¬ 
plex  of  diglycylglycine  (0.126%); 

II)  ditto  50  minutes  after  addition 
of  biuret;  III)  ditto  100  hours  after 
addition  of  biuret. 
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Fig.  6.  Optical  density  (c  )  as  a 
function  of  the  copper  concen¬ 
tration  (in  mg  %)  in  solutions  of 
copper-biuret  complex  of  tri- 
glycylglycine. 
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Fig.  7.  Spectrophotometric  curves. 

I)  Solution  of  copper-biuret  com¬ 
plex  of  total  protein  of  rabbit  muscle 
(0.175%);  II)  ditto  20  minutes  after 
addition  of  triglycylglycine. 


(0.13%).  The  color  changes  very  quickly  and  red  solution  II  was 
formed.  The  spectrophotometric  curves  of  these  solutions  are  plot¬ 
ted  in  Fig.  4.  Curve  I  corresponds  to  the  original  solution,  curve 
II  to  the  solution  formed.  The  absorption  maximum  of  solution  I 
lies  at  580  mp  ,  0*238;  the  maximum  of  solution  II  at520mp  , 

Cmax  0*^03 .  Curve  II  (Fig.  4)  corresponds  to  the  copper-biuret 
complex  of  the  tetrapeptide.  In  this  experiment,  again,  the  in¬ 
complete  violet  complex  is  quickly  and  quantitatively  decomposed 
by  the  tetrapeptide. 

e)  The  question  arises  whether  the  exceptional  activity  of 
formation  of  the  tetrapeptide  complex  is  simply  some  individual 
property  of  triglycylglycine  and  not  one  of  the  limiting  cases  in 
the  sequence  of  stability  of  biuret  complexes.  The  answer  is  no, 
as  the  following  experiment  shows.  Whereas  a  biuret  complex  is 
easily  cleaved  by  tetrapeptide  with  formation  of  a  more  stable 
tetrapeptide  complex,  complexes  whose  maximum  has  a  longer 
wave-length  than  biuret  in  turn  cleave  biuret.  Thus,  for  example, 
if  biuret  is  added  to  the  violet  solution  I  of  the  diglycylglycine 
complex  (Fig.  5,  curve  I)  the  complex  is  slowly  cleaved  (Fig.  5). 

The  maximum  of  the  original  0.12%  solution  of  the  diglycylgly¬ 
cine  complex  is  at  575  mp  (Fig.  5,  I),  Cmax  0*565;  50  minutes 
after  addition  of  biuret,  the  maximum  is  shifted  to  570  mp, 

0.445  (Fig.  5,  II):  after  18  hours  the  maximum  has  shifted  to  560  mp , 
€max  0.440;  after  100  hours  to  535  mp ,  0.367  (Fig.  5,  III). 

The  character  of  the  absorption  of  curve  III  (Fig.  5)  corresponds  to 
the  biuret  complex.  Consequently,  the  diglycylglycine  complex 
is  cleaved  by  biuret,  but  the  process  is  300  times  slower  than  with 
participation  of  tetrapeptide.  It  must  be  pointed  out  that  biuret 
was  added  in  considerable  excess,  whereas  in  the  experiments  with 
the  tetrapeptide  the  excess  was  insignificant. 

The  above -described  experiments  show  that  the  stability  of 
biuret  complexes  varies  in  direct  dependence  on  the  composition 
of  the  coordination  bonds  of  the  complex.  Maximum  stability  is 
is  exhibited  by  completed  red  complexes  containing  four  nitrogen- 
containing  groups  in  the  coordination  sphere.  The  latter,  however, 
are  not  equivalent  in  this  sense;  coordination  bonds  formed  by  pep¬ 
tide  groups  that  absorb  shorter  waves  are  evidently  distinguished 
by  greater  stability.  Due  to  this,  the  most  stable  and  the  most 
easily  formed  is  the  complex  whose  coordination  sphere  contains 
not  less  than  three  peptide  groups,  as  is  the  case  with  tetrapeptide 
complex.  A  pentapeptide  (tetraglycylglycine)  must  evidently  be 
placed  first  in  order  of  stability  of  biuret  complexes;  the  maximum 
of  absorption  of  this  pentapeptide  is  at  515  m/i.  In  the  light  of  the 
foregoing  considerations  we  can  conclude  that  the  position  of  maxi¬ 
mum  absorption  of  the  copper-biuret  complex  is  a  criterion  of  rela¬ 
tive  stability.  The  shorter  the  waves  absorbed  by  the  complex,  the 
greater  the  stability  of  the  latter.  A  substance  forming  a  complex 
with  a  short-wave  absorption  maximum  will  always  cleave  a  com¬ 
plex  with  an  absorption  maximum  of  longer  wave-length.  The 
greater  difference  in  the  positions  of  the  maxima  of  absorption  of 
the  complexes,  the  more  complete  and  the  more  rapid  will  be  the 


displacement  reaction.  The  resulting  complex  always  has  a  maxi¬ 
mum  at  a  shorter  wavelength.  The  magnitudes  of  the  shift  of  the  maximum,  which  may  be  called  the  "shift 
increments,"  show  a  certain  regular  trend.  Examination  of  the  experimental  data  led  us  to  the  conclusion  that 
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TABLE  1 

Quantitative  Characterization  of  Reactions  of  Displacement  of  Substances  from  Copper-Biuret  Complexes  of  Triglycylglycin 
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TABLE  3 

Dependence  of  the  €  of  the 
Biuret  Complex  of  Triglycylgly- 
cine  on  the  Concentration  of 
Peptide  and  Copper 


Tetrapeptide 
(in  mg  <7o) 

e 

max 

[X  520  mp) 

Cu  (in 
mg  *7o) 

16.4 

0.097 

4.23 

32.8 

0.188 

8.46 

65.6 

0.370 

16.92 

98.4 

0.550 

25.38 

131.2 

0.725 

33.84 

164.0 

0.861 

42.3 

£ 
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Fig.  8.  Spectrophotometric  curves. 
I)  Solution  of  copper-biuret  com¬ 
plex  of  insulin  (0.217*70);  II)  the 
same  20  minutes  after  addition  of 
triglycylglycine. 
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Fig.  9.  Spectrophotometric  curves. 
I)  Solution  of  copper-biuret  com¬ 
plex  of  total  protein  of  rabbit 
muscles  (0.175*70);  II)  the  same  20 
minutes  after  addition  of  biuret. 


replacement  of  each  complex-forming  group  in  the  coordination 
sphere  of  a  complex  by  a  peptide  group  leads  to  the  following  magni¬ 
tudes  of  shift  of  the  maximum  toward  the  shorter  wavelengths:  re¬ 
placement  of  an  amino  group  —  5  mp  ,  of  an  amido  group  —  by  5  mp  , 
of  an  aliphatic  hydroxyl  —  by  20  mp  ,  of  an  ether  group  -  by  45  mp  , 
of  water  —  by  55  mp .  We  do  not  attach  any  absolute  significance  to 
these  values,  and  we  regard  them  as  relative  characteristics.  It  is 
interesting  that  replacement  of  a  peptide  group  in  a  peptide  by  any 
other  group  [1]  leads  to  shifting  of  the  absorption  maximum  of  a 
complex  in  the  direction  of  longer  waves;  at  the  same  time  the  shift 
increments  remain  the  same  but  are  opposite  in  sign. 

2.  Quantitative  characterization  of  reactions  of  displacement 
of  substances  from  a  biuret  complex.  In  this  part  of  the  work  we  in¬ 
vestigated  the  degree  of  completeness  of  displacement  of  one  sub¬ 
stance  by  another  from  copper-biuret  complexes  with  reference  to 
reactions  with  a  tetrapeptide.  For  this  purpose  we  constructed  a  con¬ 
centration  graph  (Fig.  6)  of  optical  density  versus  copper  content 

(in  mg  *7o)  for  a  solution  of  the  copper- biuret  complex  of  a  tetra¬ 
peptide.  Figure  6  shows  that  in  the  range  of  optical  densities  up  to 
€  0.7  and  copper  concentrations  up  to  30  mg  solutions  of  a  copper- 
biuret  complex  of  a  tetrapeptide  exactly  follow  Beer’s  law  (these  con¬ 
centrations  should  therefore  be  employed  for  measurements).  The 
degree  of  completeness  of  the  displacement  reaction  was  found  by 
determination  of  the  concentration  of  copper  in  a  solution  formed 
after  addition  of  tetrapeptide  with  the  help  of  Fig.  6.  Knowing  the 
concentration  of  the  starting  solution  of  the  substance  under  test,  we 
could  calculate  the  number  of  grams  of  this  substance  corresponding 
in  the  complex  of  1  g-atom  of  copper  (i.e.,  the  "copper  number"). 
These  values  were  compared  with  the  results  of  direct  iodometric 
determinations  of  the  copper  numbers,  and  in  this  way  the  degree  of 
displacement  (in  *7o)  was  calculated. 

Table  1  shows  that  displacement  is  nearly  100*7o!  the  slight  de¬ 
viations  are  within  the  limits  of  experimental  error.  Such  displace¬ 
ment  reactions  can  evidently  serve  as  a  new  method  of  determina¬ 
tion  of  "copper  numbers"  of  substances  that  form  copper-biuret  com¬ 
plexes,  and  also  as  a  method  of  determination  of  the  concentration 
of  a  substance  in  solution. 

3.  Displacement  of  proteins  from  copper- biuret  complexes 
by  low-molecular  substances.  Previous  work  [4]  led  us  to  the  con¬ 
clusion  that  copper-biuret  complexes  of  proteins  are  built  up  from 
a  large  number  of  low-molecular  fragments  which  are  mainly  of 
the  type  of  incompleted  violet  complexes.  In  the  light  of  the  ex¬ 
periments  described  above,  we  should  therefore  expect  proteins  to 
be  easily  and  quantitatively  displaced  from  complexes  by  substances 
forming  completed  red  complexes  (such  as  a  tetrapeptide).  The  fol¬ 
lowing  experiments  confirmed  our  supposition,  a)  Addition  of  tetra¬ 
peptide  to  an  0.175*7o  solution  of  the  copperbiuret  complex  of  the 
total  protein  of  rabbit  muscles  causes  quantitative  displacement  of 
the  protein.  The  maximum  of  the  original  solution  I  of  the  protein 
complex  was  at  555  mp ,  Cniax  0.470  (Fig.  7,  I);  20  minutes  after 
addition  of  the  tetrapeptide  solution  II  was  formed  with  maximum 

at  520  mp  and  Ci^ax  0.415  (Fig.  7,  II).  The  copper  number  of  the  pro¬ 
tein  calculated  from  these  data  agrees  with  the  iodometric  value  (Table  2). 
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b)  Addition  of  tetrapeptide  to  an  0.217'7o  solution  (I)  of  the  copper-biuret  complex  of  insulin  (Fig.  8,  1) 

(maximum  at  535  Wfx ,  Cmax  0*603)  causes  a  shift  of  the  maximum  to  520  mfi ,  €  0.612  (Fig.  8,  11).  The 

copper  number  calculated  from  these  data  is  475.1  (Table  2). 

c)  The  tetrapeptide  quantitatively  displaces  gelatin  from  the  copper-biuret  complex.  The  maximum  of 

the  starting (0.23 8%)  solution  1  (Table  2)  is  at  565  mju  ,  Cniax  0.573,  Addition  of  tetrapeptide  gives  solution  11 
with  maximum  at  520  m^i ,  0.589  (Table  2).  The  copper  number  calculated  from  the  displacement  agrees 

with  the  iodometric  result  (Table  2). 

d)  The  tetrapeptide  quantitatively  displaces  edestin  from  the  copper-biuret  complex.  The  maximum  of 

the  original  (0.268%)  solution  1  (Table  2)  is  at  550  mp ,  0.790.  After  addition  of  the  tetrapeptide  the 

maximum  is  shifted  to  520  mji ,  €niax  0.770  (Table  2).  The  copper  number  of  edestin  determined  from  this 
experiment  agrees  with  the  iodometric  value  (Table  2). 

e)  The  tetrapeptide  quantitatively  displaces  casein  from  a 
complex.  The  maximum  of  the  starting  (0.152%)  solution  I  (Table 
2)  is  at  550  wfi ,  Cmax  0.357.  After  addition  of  triglycylglycine 
the  maximum  is  shifted  to  520  mji ,  tj^ax  0*357.  The  calculated 
copper  number  agrees  with  that  obtained  by  the  iodometric  method 
(Table  2). 

In  several  experiments  it  was  established  that  not  only  a  tetra¬ 
peptide  but  also  biuret  can  displace  proteins  from  complexes. 

f)  Addition  of  biuret  to  a  0.175%  solution  I  of  copper-biuret 
complex  of  total  protein  of  rabbit  muscles,  with  a  maximum  at 
555  m/i ,  €jj,ax  0.470  (Fig.  9,  I)  leads  to  formation  of  solution  II 
(Fig.  9,  II)  whose  maximum  is  at  535  mji ,  Cjuax  0.211.  The  mole¬ 
cular  intensity  of  the  copper-biuret  complex  of  biuret  is  consider¬ 
ably  lower  than  that  of  the  tetrapeptide,  and  therefore  in  this  case, 
as  was  to  be  expected,  the  displacement  leads  to  a  considerable 
lowering  of  the  intensity  of  absorption. 

g)  Biuret  displaces  casein  from  the  copper-biuret  complex  as  shown  by  Fig.  10.  The  absorption  maximum 
of  the  starting  (0.152%)  solution  of  the  copper-biuret  complex  of  casein  lies  at  550  m/j ,  €  0.353  (Fig.  10,  I). 

After  addition  of  biuret  the  maximum  is  shifted  to  535  m/i  ,  Cj^gx  0.201  (Fig.  10,  II).  Also  in  this  case  the  in¬ 
tensity  is  lowered. 

Consequently,  biuret  complexes  of  proteins  are  indeed  easily  cleaved  by  tetrapeptide  and  biuret,  i.e., 
they  also  behave  like  incomplete  complexes  built  up  from  short  iripeptide  segments.  It  is  perfectly  obvious 
that  if  longer,  continuous  peptide  chains  had  taken  part  in  complex  formation  of  the  proteins,  then  the  copper 
atoms  would  have  formed  stable  segments  of  the  completed  complex,  and  such  segments  would  not  have  been 
cleaved  by  tetrapeptide  since  each  segment  would  have  had  a  structure  similar  to  that  of  the  complex  in  accord¬ 
ance  with  the  law  that  we  established  for  complex  formation  in  the  case  of  long  continuous  chains.  It  is  parti¬ 
cularly  noteworthy  that  the  behavior  of  insulin  during  the  displacement  reaction  does  not  harmonize  with  the 
ideas  about  its  structure  advanced  by  Sanger  [5]  since  the  insulin  complex  is  readily  decomposed  by  the  tetra¬ 
peptide. 

The  experiments  described  in  this  paper  confirm  our  hypothesis  that  the  position  of  the  absorption  maxi¬ 
mum  of  the  copper-biuret  complex  can  serve  as  a  criterion  of  its  relative  stability:  a  complex  is  the  more  stable 
the  shorter  is  the  wavelength  of  its  absorption  maximum. 

EXPERIMENTAL 

Displacement  of  biuret  from  the  triglycylglycine  complex.  15.4  mg  biuret  was  dissolved  in  2  ml  2  N 
sodium  hydroxide,  1  ml  0.25  M  copper  sulfate  was  added  and  the  volume  made  up  to  10  ml  with  water.  After 
an  hour,  the  resulting  solution  I  of  the  copper-biuret  complex  of  biuret  was  filtered  and  spectrophotogrammed 
in  a  Beckmann  apparatus  (Fig.  1).  To  4  ml  of  solution  I  was  added  10  mg  triglycylglycine,  and  after  20  minutes 
the  solution  II  was  examined  in  the  spectrophotometer  (the  concentration  of  the  solution  was  halved  for  the  pur¬ 
pose  of  measurement). 
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Fig.  10.  Spectrophotometric  curves. 
I)  Solution  of  copper-biuret  com¬ 
plex  of  casein  (0.152%);  II)  the  same 
20  minutes  after  addition  of  biuret. 


3170 


The  degree  of  displacement  (%)  was  calculated  as  follows.  Four  ml  of  starting  (0.154%)  solution  I  of 
copper-biuret  complex  of  biuret  contained  6.16  mg  biuret.  After  displacement,  the  c  max  520  m)  of  solu¬ 
tion  II  was  1.1,  which  on  the  copper  concentration  graph  (Fig.  6)  corresponds  to  50  mg  %or  2  mg  copper  in 
4  ml  solution  II.  Before  displacement  this  quantity  of  copper  was  bound  with  6.16  mg  biuret  or  1  g-atom  per 
195.58  g  biuret.  According  to  the  iodometric  determination  1  g-atom  copper  in  the  biuret  complex  corresponds 
to  206  g  biuret.  The  difference  is  5%,  i.e.,  the  displacement  experiment  gave  a  slightly  High  result  for  copper, 
which  must  be  attributed  to  experimental  errors.  The  experiment  therefore  gives  a  percentage  displacement 
of  105  (Table  2).  Similar  calculations  were  made  in  other  experiments.  When  the  copper  number  in  the  dis¬ 
placement  experiment  was  determined  with  an  excess,  the  degree  of  displacement  was  less  than  100%  (Tables 
2  and  4). 

The  plot  (Fig.  6)  of  Cmax  versus  copper  concentration  in  solution  of  biuret  complex  of  triglycylglycine 
was  constructed  from  spectrophotometric  data  for  six  solutions  of  triglycylglycine  complex  of  definite  concen¬ 
tration.  Results  are  presented  in  Table  3. 

Displacement  of  leucylglycylasparagine,  diglycylglycine  and  leucylglycyltryptophan  from  biuret  com¬ 
plexes  of  triglycylglycine  was  effected  in  a  similar  manner  to  that  described  above.  Results  are  in  Table  1  and 
Figs.  1-4. 

Displacement  of  diglycylglycine  from  the  biuret  complex  was  effected  in  the  following  manner.  To  4  ml 
0.126%  solution  of  copper-biuret  complex  of  diglycylglycine  was  added  20  mg  biuret;  since  little  change  occurred 
In  the  visible  color,  another  55  ml  biuret  was  added.  The  solution  was  examined  with  the  spectrophoto¬ 
meter  after  50  minutes,  18  hours  and  100  hours  (Fig.  5,  II  and  III). 

We  synthesized  the  compounds  used  in  this  work  by  the  following  methods:  triglycylglycine  and  diglycyl¬ 
glycine  by  E.  Fischer's  method  [6],  biuret  by  the  method  of  Hofmann  [7],  leucylglycyltryptophan  by  the  method 
of  Abderhalden,  and  leucylglycylasparagine  by  our  own  method  [1]. 

Displacement  of  total  protein  of  rabbit  muscles  from  its  biuret  complex  by  triglycylglycine  was  effected 
under  the  following  conditions;  17.5  mg  total  protein  (total  N  14.28%)  was  dissolved  in  2  ml  2  N  sodium  hydrox¬ 
ide,,  1  ml  0.25  M  copper  sulfate  and  7  ml  water.  After  2  hours,  solution  I  was  filtered  and  spectrophotogrammed 
Fig.  7,  I).  To  5  ml  of  solution  I  was  added  10  mg  triglycylglycine;  20  minutes  later,  solution  II  was  spectro¬ 
photogrammed  (Fig.  7,  II).  The  degree  of  displacement  of  calculated  is  described  above.  For  results  see 
Table  2. 

Experiments  with  casein  (prepared  by  Hammarstein's  method,  total  N  14.47%)  were  run  under  similar  con¬ 
ditions,  using  a  15.2  mg  sample.  In  experiments  with  gelatin  (total  N  14.75%)  the  sample  weighed  23.8  mg; 
the  insulin  was  a  crystalline  product,  series  B-31  of  the  Factory  of  Endocrine  Preparations  (total  N  14%),  weight 
26.8  mg. 

Similar  conditions  were  employed  for  displacement  of  casein  and  the  total  protein  of  rabbit  muscles  from 
the  biuret  complexes. 


1 


1 
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SUMMARY 

1.  It  was  shown  that  copper-biuret  complexes,  which  enter  into  double  decomposition  reactions,  can 
quantitatively  decompose  substances  that  form  a  biuret  complex  with  an  absorption  maximum  at  a  shorter  wave' 
length  of  the  visible  spectrum. 

2.  The  position  of  the  absorption  maximum  can  serve  as  a  criterion  of  the  relative  stability  of  copper- 
biuret  complexes  in  these  reactions:  a  complex  is  the  more  stable  the  shorter  is  the  wavelength  of  the  absorp¬ 
tion  maximum.  The  greater  the  difference  in  the  wavelengths  of  the  absorption  maxima  of  complexes,  the 
more  rapidly  and  completely  will  the  displacement  of  one  substance  by  another  proceed. 

3.  The  stability  of  copper-biuret  complexes  in  double  decomposition  reactions  is  a  direct  function  of  the 
composition  of  the  coordination  bonds.  The  most  stable  is  a  complex  whose  inner  coordination  sphere  contains 
four  nitrogen-containing  groups  although  the  groups  are  not  equivalent  in  this  sense.  A  peptide  group  imparts 
the  maximum  stability  to  coordination  bonds.  When  such  a  group  is  replaced  in  the  coordination  sphere  of  a 
complex  by  other  groups,  the  maximum  is  shifted  toward  longer  wavelengths  by  a  definite  amount  which  is 
characteristic  of  each  group  (the  "shift  increment"). 
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4.  A  tetrapeptide  (glyclnic)  quantitatively  displaces  tripeptides  (irrespective  of  their  amlnoacld  compo¬ 
sition)  from  biuret  complexes. 

5.  A  tetrapeptide  (glycinic)  quantitatively  displaces  proteins  (including  insulin)  from  complexes.  The 
displacement  reaction  can  serve  as  a  method  of  determination  of  copper  numbers. 

6.  It  is  shown  that  the  copper-biuret  complex  of  insulin  has  maximum  absorption  at  a  wavelength  of 
535  m/i;  the  copper  number  of  insulin  is  475.1. 
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STUDY  OF  THE  STRUCTURE  OF  SOME  FRUCTOSANS  OF  PLANTS 


OF  THE  FAMILY  LILIACEAE 
S.  M.  Strepkov 


In  the  present  paper  we  submit  the  results  of  a  study  of  the  structure  of  the  fructosans  that  we  isolated  [1] 
from  the  below-ground  organs  of  some  plants  of  the  family  Liliaceae  (Central  Asian). 

Polygontine  is  a  fructosan  of  the  rhizomes  of  Polygonatum  sewertzowi  Rgl.  and  is  a  yellow  powder  with 
m.  p.  207-208’  [a]*i5  —  52.9*,  which  does  not  reduce  Fehling  solution.  Its  half-period  of  hydrolysis  by  1  N  H2SO4 
at  20*  is  160  minutes.  Empirical  formula:  C18H30O15.  Polygontine  acetate  (m.  p.  84-85*)  has  [a]j5~38.8^(in 
chloroform);  molecular  weight  (in  benzene)  870;  this  corresponds  to  three  fructose  residues.  CH3CO  content 
44.8%  or  9  groups.  The  methyl  ether  of  polygontine  has  [a]p-34.8*  (in  chloroform)  and  contains  45.6%  meth- 
oxyl  groups.  Acid  hydrolysis  of  the  methyl  ether  of  polygontine  gives  1,3,4,6-tetramethyl-,  1,3,4-trimethyl- 
and  3,4-dimethyl-  fructose  in  the  ratio  of  1:1:1.  We  may  suggest  formula  (I)  for  polygontine. 
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The  above  formula  accounts  for  the  formation  of  1,3,4,6-tetramethyl-,  1,3,4-trimethyl-  and  3,4-di- 
methylfructoses  in  1 : 1 ;  1  ratio  and  for  the  absence  of  reducing  properties. 

Sogdianose  —  a  difructosan  from  the  roots  of  Eremurus  sogdianus  (Rgl.)  Benth.  and  Hook  “  is  a  light  yellow 
substance  with  m.  p.  156-158*;  [a]^  — 16.4*;  it  reduces  Fehling  solution;  the  half-period  of  hydrolysis  by  1  N 
H2SO4  at  20*  is  132  minutes;  it  is  hydrolyzed  by  invertase  and  ferments  with  yeast.  Empirical  formula  C12H22O12. 
Sogdianose  acetate,  with  m.  p.  94-95*,  has  [a]p-28.7*  (in  chloroform);  molecular  weight  (in  benzene)  670, 
corresponding  to  two  fructose  residues;  8  acetyl  groups.  The  methyl  ether  of  sogdianose  with  [a]Q-40.3*  (in 
chloroform)  contains  55.1%  methoxyl  groups.  Acid  hydrolysis  gives  1,2,3,4-tetramethyl-  and  1,3,4,6-tetra- 
methylfructoses  in  1 : 1  ratio.  The  structure  of  sogdianose  can  be  represented  by  the  formula  (H). 
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The  fructose  residues  in  sogdianose  are  linked  by  the  2  -  and  6-carbon  atoms;  a  pseudocarbonyl  group 
persists  at  one  of  the  fructose  residues  and  accounts  for  the  reducing  properties  of  the  fructosan. 

Alliuminoside  —  a  difructosan  from  the  bulbs  of  Allium  sewertzowi  Rgl.  —  is  a  yellowish  substance  with 
m.  p.  92-93*  [a ]p —23.8* ,  half-period  of  hydrolysis  with  1  N  H2SO4  at  20*  172  minutes;  does  not  reduce  Fehling 
solution;  is  not  hydrolyzed  by  invertase.  Empirical  formula  C12H20O10.  The  acetate  of  the  difructosan,  with 
m.  p.  98-99*,  has  [a]p-29.3*  (in  chloroform);  molecular  weight  (in  benzene)  598,  CH3CO  content  44.1%  or 
6  groups.  The  methyl  ether  of  the  fructosan,  with  [a]Q-39.T  (in  chloroform),  contains  45.3%  OCH3  groups. 

Acid  hydrolysis  of  the  methyl  ether  gives  only  1,3,4-trimethylfructose.  The  structure  of  alliuminoside  can  be 
represented  by  formula  (111). 
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I 
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The  fructose  residues  in  the  difructosan  are  linked  through  the  2,6'-  and  2',6-carbon  atoms.  The  pro¬ 
posed  structure  accounts  for  the  absence  of  reducing  power  in  the  difructosan  and  for  the  relatively  difficult 
hydrolyzability  due  to  the  presence  of  a  dioxane  ring. 

EXPERIMENTAL 

The  fructosans  were  isolated  from  the  below-ground  organs  of  the  plants  by  extraction  with  water  in  pre¬ 
sence  of  calcium  carbonate.  After  the  solution  had  been  inspissated  in  vacuo,  the  product  was  isolated  and  puri¬ 
fied  by  reprecipitation  with  alcohol  (with  cooling)  until  the  constants  were  unchanged;  it  was  then  tested  for  the 
presence  of  proteins  and  inorganic  substances  (which  were  usually  absent).  The  purified  preparatioiis  of  the  fruc¬ 
tosans  were  kept  in  a  vacuum-desiccator  over  phosphorus  pentoxide  until  constant  in  weight.  They  were  then 
investigated. 

Preparation  of  the  acetates.  A  mixture  of  3  g  fructosan,  15  ml  acetic  anhydride  and  30  ml  dry  pyridine 
was  allowed  to  stand  at  room  temperature  for  10  hours  with  frequent  stirring.  After  acetylation,  the  mixture 
was  run  into  cold  water,  and  the  resulting  crystalline  mass  was  carefully  triturated  with  cold  water.  After  suc¬ 
tion-filtration,  washing  with  water,  and  drying  in  a  desiccator  over  sulfuric  acid,  the  acetate  of  the  fructosan 
was  purified  by  numerous  reprecipitations  with  ligioine  from  benzene  solution.  The  specific  rotation  of  the 
acetate  was  measured  in  chloroform,  and  the  molecular  weight  cryoscopically  in  benzene. 

Preparation  of  methyl  ethers.  Haworth's  method  [2]  was  used  —  methylation  in  acetone  solution  with  di¬ 
methyl  sulfate  and  then  with  methyl  iodide  in  presence  of  silver  oxide.  The  methyl  ethers  were  purified  by 
reprecipitation  with  ligroine  from  chloroform  solutions.  The  specific  rotation  was  determined  in  chloroforom 
solution  and  the  molecular  weight  cryoscopically  in  benzene.  Methoxyl  groups  were  determined  by  cleavage 
by  Zeisel's  method,  and  the  quantity  of  methyl  iodide  formed  was  determined  by  the  Kirpal-Biun  method. 

Methyl  ethers  of  the  fructosans  were  hydrolyzed  with  1%  alcoholic  solution  of  oxalic  acid  on  a  water  bath, 
for  12  hours.  After  neutralization  with  sodium  carbonate,  the  hydrolyzate  was  decolorized  by  activated  animal 
charcoal  and  evaporated  down  in  vacuo.  The  residue  was  extracted  with  ether,  the  ether  was  driven  off,  and  the 
products  of  hydrolysis  were  kept  in  a  desiccator  over  phosphorus  pentoxide.  The  components  of  the  hydrolyzate 
were  fractionated  by  chromatography  by  the  method  of  Bell  and  Palmer  [3]  as  modified  by  Schlubach  and  Heesch 
[4],  using  a  silica  gel  column.  For  this  purpose,  the  products  of  hydrolysis  of  the  methyl  ethers  (about  1.5  g)  were 
dissolved  in  5  ml  toluene  and  put  into  a  chromatographic  column  (2.5  X  80  cm).  The  column  was  developed  at 
first  with  toluene  containing  0.33%  ethanol,  then  with  a  19: 1  mixture  of  chloroform  and  n-butanol,  and  finally 
with  methanol.  Completion  of  elution  of  each  fraction  was  established  in  a  separate  test  with  a  1%  alcoholic 
solution  of  a-naphthol  and  concentrated  sulfuric  acid. 


Polygontine.  Found  %:  C  44.10,  44.22;  H  6.32,  6.28.  M  493.  CigHsoOig.  Calculated  7o‘  C  44.44; 


H  6.18.  M  486. 

Polygontine  acetate.  Found  C  50.16,  50.05;  H  5.68,  5.60;  CH^O.  45.53,  45.30.  M  870.  C3sH4g0^4. 
Calculated  C  50.0;  H  5.5;  CH3CO44.8  (9  CH, CO- groups). 

Methyl  ether.  Found  <7o:  C  53.02,  52.80;  H  8.0,  7.98;  OCH,  45.32,  45.50.  M  620.  Q7H4,Oa.  Calcu- 
lated Vo;  C  52.94;  H  7.84;  OCH3  45.60.  M  612. 

Chromatographic  resolution  of  1,3320  g  of  products  of  hydrolysis  of  the  methyl  ether  of  the  polyfructosan 
gave  three  fractions:  1st,  455  mg  (34.16%);  2nd,  422  mg  (31.68  %  );  3rd  406  mg  (30.48%). 

1st  fraction;  n^  1.4534,  Rq  0.99,  [a]p +29.58*. 

Reduction.  154.6  mg  substance:  89.5  mg  reduced  substance.  Found  %:  57.87.  Found  %;  OCH3  52.74, 
52.40.  C6H,Ofe(OCH3)4.  Calculated  %:  OCH3  52.50. 

The  substance  in  the  1st  fraction  is  1,3 ,4, 6-tetramethyl fructose.  Literature  data  [5-8]:  n*®D  1.4513,  Rq 
1.01,  [afj5  +30.3*;  reduction  55.6%;  OCH3  52.50%. 

2nd  fraction;  n*°D  1.4654,  Rq  0.83  [aJjJ -48.45*. 

Reduction.  146  mg  substance:  73.2  mg  reduced  substance.  Found  %:  50.12.  Found  %;  OCH3  41.58,  41.84. 
C6H90i(OCH3)s.  Calculated  %;  OCH3  41.90. 

The  2nd  fraction  contains  1,3,4-trimethylfructose,  since  the  constants  are  in  agreement  with  the  literature 
data  for  this  compound  [5-8]. 

3rd  fraction;  n^®D  1.4850,  Rq  0.60  [a]^  — 59.38*. 

Reduction.  160  mg  substance:  83.8  mg  reduced  substance.  Found  %:  52.4.  Found  %:  OCH3  29.52,  30.05. 
C6Hio04(OCH3)2.  Calculated  %:  OCH3  29.80. 

These  constants  are  in  agreement  with  those  reported  in  the  literature  for  3,4-dimethylfructose  [5-8]. 

Hydrolysis  of  the  methyl  ether  of  polygontine  thus  gave  1,3,4 ,6-tetramethylfructose  (455  mg),  1,3,4-tri¬ 
methylfructose  (422  mg)  and  3,4-dimethylfructose  (406  mg).  On  the  basis  of  fructose  the  calculated  ratio  is 
1.014 : 1.0  : 1.02  or  very  near  to  1:1:1. 

Sogdianose.  Found  %:  C  42,4,  42.02;  H  6.58,  6.60.  M  338.  Cj2H220ii.  Calculated  %:  C  42.10;  H  6.44. 
M  342. 

Sogdianose  acetate:  Found  %:  C  49.40,  49.62;  H  5,80,  5.55;  CH3CO  50.40,  50.20.  M  670.  QgH330|9. 
Calculated  %:  C  49.55;  H  5.61;  CH3CO  50.73  (8  groups).  M  678. 

Methyl  ether.  Found  %:  C  53.0,  52.72;  H  8.52,  8.24;  OCH3  55.10,  54.36.  M  640.  QoHsgOji.  Calcu- 
lated  %:  C  52.86;  H  8.37;  OCH3  54.62.  M  454. 

Hydrolysis  of  the  methyl  ether  of  sogdianose  was  at  first  carried  out  with  1%  alcoholic  solution  of  oxalic 
acid,  and  subsequently  with  0.25%  solution  of  hydrochloric  acid  on  a  water  bath  at  80*  for  2  hours.  Chromato¬ 
graphic  resolution  of  1.4982  g  of  products  of  hydrolysis  in  a  silica  gel  column  gave  two  fractions:  1st,  736  mg 
(49.12%);  2nd,  718  mg  (48.0%). 

1st  fraction;  n*°D  1.4568,  Rg  0.99,  [af^  +31.2*. 

Reduction.  152  mg  substance:  83.8  mg  of  reduced  substance.  Found  %:  55.2.  Found  %:  OCH3  52.90, 
52.30.  C6HgOSj(OCH3)4.  Calculated  %:  OCH3  52.50. 

The  constants  found  for  the  1st  fraction  agree  with  those  in  the  literature  for  1,3,4,6-tetramethylfructose 

[5-8]. 

2nd  fraction;  n*®D  1.4683,  R^  0.85,  [a/iJ -48.2*. 

Reduction.  145  mg  substance:  72.4  mg  reduced  substance.  Found  50.0%.  Found  %;  OCH3  42.40,  42.05, 
C6H9C^(0CH3)3.  Calculated  %:  OCH3  41.90. 
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Consequently,  the  2nd  fraction  is  1,3,4-triniethylfructose,  which  is  formed  from  1,2,3,4-tetramethylfruc- 
tose  on  hydrolysis  with  0.25% hydrochloric  acid.  The  methyl  ether  of  sogdianose  therefore  contains  1, 2,3,4- 
tetramethyl-  and  1,3,4,6-tetramethylfructose  in  the  ratio  of  736  1 718  mg.  On  a  fructose  basis  this  is  equiva¬ 
lent  to  1 : 1.03  or  close  to  1:1. 

Alliuminoside.  Found  %:  C  44.58,  44.20;  H  6.30,  6.25.  M  330.  C]2H2oO]^g.  Calculated  %:  C  44.44; 

H  6.ia.  M  324. 

Acetate.  Found  %:  C  50,12,  49,88;  H  5.60,  5.48;  CH3CO44.6,  45.0.  M  584.  C24H320|g.  Calculated  %: 

C  50.0;  H  5.56;  CH3CO44.8  (6  CH3CO-groups).  M  576. 

Methyl  ether.  Found  %:  C  53.08,  52.80;  H  8.0,  7.68;  OCH3  45.35,  45.60.  M  415.  CiaHjjOio.  Calcu¬ 
lated  %:  C  52.94;  H  7.84;  OCH3  45.58.  M  408. 

Analysis  by  paper  chromatography  showed  that  the  hydrolyzate  of  the  methyl  ether  contains  only  tri- 
methylfructose  alone.  Before  analysis  the  trimethylfructose  was  purified  by  filtration  of  the  toluene  solution 
through  a  silica  gel  chromatographic  column  and  washed  in  the  column  with  a  19 ;  1  mixture  of  chloroform 
and  n-butanol.  The  resulting  trimethylfructose  had  n*®D  1.4650,  0.84,  [a]o-48.(f. 

Reduction.  146.2  mg  substance:  73.2  mg  reduced  substance.  Found  %:  50.05.  Found  %:  OCH3  42.2,  41.7. 

C6H9p3(OCHj)3.  Calculated  %:  OCH3  41.90. 

The  constants  of  the  substance  are  identical  with  the  literature  data  for  1,3,4-trimethylfructose  [5-8]. 

SUMMARY 

Three  fructosans  were  isolated  from  the  below-ground  organs  of  plants  of  the  Liliaceae.  They  are  gene¬ 
tically  related:  sogdianose  is  an  intermediate  product  of  hydrolysis  of  polygontine,  and  alliuminoside  is  the  an¬ 
hydride  of  sogdianose. 
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DISCUSSION  FORUM 


THE  PROBLEM  OF  CONJUGATION  IN  BENZENE 

M.  I.  Batuev 


1.  Ninety  years  have  passed  •  since  A.  M.  Butlerov  put  forward  a  benzene  formula  with  alternating  single 
and  double  bonds  in  a  ring  [1],  Many  dozens  of  benzene  formulas  have  been  proposed  since  then.  However,  the 
formula  first  proposed 


CH=CH— GH 

gh=ch-(!h 

by  A.  M.  Butlerovon  thebasisof  Kekul^'s  ideas  on  the  structure  of  the  aromatic  nucleus  has  again  and  again  been 
found,  on  the  basis  of  accumulated  chemical  and  physical  data,  to  be  the  most  suitable  representation  (see,  for 
example,  [8-10]). 

At  the  end  of  the  twenties  and  the  start  of  the  thirties  the  resonance- mesom eric  theory  of  the  chemical 
bond  was  originated  and  developed  and  gained  very  widespread  acceptance.  In  applying  this  theory  to  benzene 
Ingold  [11]  indicated  that  in  the  light  of  the  chemical  facts  relating  to  benzene  the  Kekul^  formula  (i.e.,  the 
Butlerov-Kekul5  formula  —  author)  is  undoubtedly  the  best.  But  the  theory  in  question  was  developed  on  the 
basis  of  the  concept  of  the  chemical  bond  of  the  Copenhagen  school  of  quantum  mechanics  (Heitler— London— 
Pauling -Slater— Ingold).  However,  from  the  main  premises  of  this  theory  were  deductively  and  arbitrarily 
[11-13]  derived  (predicted)  fundamental  physical  properties  of  benzene  which  conflicted  with  the  Butlerov- 
Kekul^  benzene  formula.  In  considering  these  properties.  Ingold  [11]  made  the  following  observations:  a)  the 
IT -electrons  of  the  benzene  ring  can  be  delocalized  due  to  hypothetical  superposition  in  benzene  of  five  structures 
this  superposition  requires  equalization  of  the  electronic  density  in  the  benzene  ring  throughout  all  of  its  CC 
bonds  and  therefore  implies  the  equivalence  of  the  latter;  b)  from  this  follows  directly  the  symmetry  of  benzene 
as  a  regular  plane  hexagon  —  Dgjj  (benzene  must  have  an  axis  of  symmetry  of  the  sixth  order,  a  center  of  sym¬ 
metry,  CC  bonds  of  equal  lengths,  etc.);  c)  this  symmetry  of  the  benzene  molecule  explains  the  zero  dipole 
moment,  the  magnetic  symmetry  in  the  plane  of  the  ring,  etc.  etc. 

In  support  of  their  theory  the  above  authors  cited  the  results  of  physical  investigations.  However,  when 
this  theory  was  created  in  the  early  thirties,  the  physical  techniques  that  could  assist  the  understanding  of  the 
specific  singificance  of  the  individual  bonds  of  the  molecule  were  still  rather  inadequate,  and  the  enthusiasm 
for  the  newly  enunciated  ideas  of  the  Copenhagen  school  of  quantum  mechanics  hindered  appreciation  of  a  series 

•In  his  papers  in  1865  and  1866  [2-4]  Kekul^  did  not  extend  his  ideas  about  the  structure  of  the  aromatic  nu¬ 
cleus  to  benzene  itself.  At  that  time  he  considered  acceptable  his  proposed  benzene  formula  in  the  form  of  a 
hexagon  whose  sides  form  single  C— C  bonds.  Only  after  the  appearance  in  1868  of  a  German  edition  of  A.  M. 
Butlerov's  course  of  lectures  [1]  which  gave  the  above  formula  of  benzene,  and  only  after  the  formula,  had  been 
given  in  1869  in  a  paper  by  Ladenburg  [5]  (Ladenburg  himself,  however,  did  not  accept  this  formula  but  proposed 
other  benzene  formulas)  did  Kekule  for  the  first  time  in  1869  [6]  formulate  a  benzene  ring  with  alternating  single 
and  double  bonds,  while  pointing  out  that  he  would  shortly  attempt  to  overcome  the  difficulties  that  were  attach¬ 
ed  to  this  formula.  This  attempt  was  undertaken  in  1872  [7]  when  he  advanced  the  hypothesis  of  the  oscillating 
benzene  model.  It  is  clear  from  the  foregoing  that  the  structural  formula  of  benzene  with  alternating  double 
and  single  bonds,  usually  associated  with  the  name  of  Kekule,  should  more  correctly  be  called  the  Butlerov- 
Kekul^  formula. 
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of  very  important  experiments  whose  results  conclusively  refuted  the  fashionable  concept  of  the  structure  of 
the  benzene.  The  current  trend  in  physical  thought  also  led  to  unrealistic  interpretations  of  the  most  important 
direct  experiments.  We  can  show  that  examination  of  the  totality  of  now  available  important  chemical  and 
physical  data  does  not  confirm  the  foregoing  hypotheses  on  the  structure  of  benzene  but  rather  confirms  the 
Butlerov-Kekule  structural  formula. 

2.  In  the  thirties  the  uniformity  of  the  lengths  of  the  CC  bonds  of  benzene  was  demonstrated  by  ignor¬ 
ing  the  serious  experimental  errors  that  were  then  inherent  in  electron  diffraction  and  x-ray  investigations.  De¬ 
terminations  by  different  authors  led  to  the  following  results  (among  others)  for  the  length  of  the  CC  bond  of 
benzene;  1.39  *  0.03  A  [14],  1.39  *  0.02  A  [15],  1.42  *  0.03  A  [16].  These  data  give  ample  reason  for  assert¬ 
ing  that  the  CC  bond  lengths  in  benzene  are  undoubtedly  smaller  than  the  length  of  the  single  C—  C  bond 
(approx.  1.54  A  in  ethane)  and  slightly  larger  than  the  double  C=*C  bond  (approx.  1.33  A  in  ethylene).  They 
do  not,  however,  confirm  the  conventional  equivalence  of  all  of  the  CC  bonds  in  benzene  since  in  the  above- 
cited  investigations  the  neglected  difference  in  lengths  of  the  bonds  in  question  is  respectively  in  the  range  of 
1.36-1.42  A,  1.37-1.41  A,  1.39-1.45  A,  etc.  These  ate  very  significant  limits  of  experimental  error  and  could 
conceal  a  possible  geometrical  asymmetry  of  the  benzene  ring.  Later,  more  accurate,  electron  diffraction  in¬ 
vestigations  of  benzene  in  the  gas  phase  [17]  established  that  the  benzene  molecule  is  plane  but  not  necessarily 
characterized  by  Dgjj  symmetry  with  two  equal  ortho-  and  meta-  distances.  Later  electron  diffraction  data  like¬ 
wise  afford  good  evidence  for  a  model  with  splitting  of  each  of  these  distances  into  two: 

f  1.393  +  a  i  0.005  f  2.41  +  b  ±  0.015  „  „„„  «  ^  ,  fl20*  +  80 

\  1.393  -  a  ±  0.005  ^  2.41  -  b  dk  0.015  ^  .  •  6  ^i20*  -  80 

where  0  s  a  <  0.03;  0  ^  b  <  0.05. 

According  to  these  data  the  (1,  2)  and  (1,  6)  ortho  distances  can  be  respectively  1.396  and  1.390  A,  the 
(1,  3)  and  (1,  5)  meta  positions  can  be  2.46  and  2.36  A,  which  are  outside  the  limits  of  experimental  error.  But 
if  these  CC  ortho-  and  meta-  distances  are  split  into  two,  then  the  axis  of  symmetry  of  the  molecule  is  of  the 
third  and  not  of  the  sixth  order  [17],  i.e.,  the  molecule  has  D^h  symmetry  (the  molecule  is  plane,  a  center  of 
symmetry  is  absent,  etc.). 

X-ray  examination  of  crystalline  benzene  at  —3*  was  carried  out  in  1954  [18]  and  confirmed  the  plane 
structure  of  the  benzene  ring,  but  at  the  same  time  revealed  a  slight  difference  between  the  CC  bond  lengths 
(*  0.0033  A  within  the  limits  of  experimental  error)  and  bond  angles,  i.e.,  a  slight  asymmetry  of  the  benzene 
ring:  CjC*  =  1.377  A,  CjC,  =  1.382  A,  QC4  =  1.374  A.^C^CiCz  =  119*  28’.  Z  CiQQ  =  120*  49’,  Z  QG,C4  = 

=  119*  42*.  According  to  these  data  the  single  bond  in  benzene  is  approx.  1.382  A  and  the  double  bond  approx. 
1.375  A.  These  differences  are  outside  the  range  of  experimental  error. 

We  may  note  that  at  the  present  time  the  nonequivalence  of  the  CC  bond  lengths  has  been  conclusively 
established  [19]  for  a  very  large  number  of  polynuclear  aromatic  systems,  both  condensed  and  uncondensed,  as 
well  as  for  some  substituted  benzenes.  We  present  the  following  examples  (distances  in  A): 


Naphtfe^ene 

Anthracene 
^ _ A  r. 

Cl 

2 ,2 '-  Dichlorobenzidine 


[1^- 


1 ,5-  Dichloronaphthalene 
Cl 


1 ,5-  Dichloroanthracene 


1.37 

p-Dimethoxybenzene 

XV  -Cl 

/y»»N 

P“  Dichlorobenzene 


4 ,4 Dichlorobenzophenone 
CH^-R 

Potassium  benzylpenicillide* 


The  nuclear  skeleton  of  the  benzene  ring  is  thus  markedly  compressed  at  the  single  bonds;  the  length  of 
the  latter  is  closer  to  that  of  the  ethylene  double  bond  than  to  the  ethane  single  bond.  The  ring  is  slightly 
asymmetrical;  the  symmetry  of  the  benzene  nucleus  is  lower  than  Dgh. 

3.  On  the  assumption  of  Dgjj  symmetry  of  benzene  in  the  theory  considered  above,  it  is  concluded  that 
the  dipole  moment  of  benzene  and  its  symmetrically  substituted  derivatives  is  zero  [11,  13,  20],  But  even 
Smythe  [21]  could  not  say  conclusively  that  such  compounds  had  zero  moment;  it  was  also  reported  that  the 
moment  of  benzene  would  in  any  case  be  very  small;  in  agreement  with  a  series  of  experimental  determina¬ 
tions  he  found  a  value  of  0.2  •  10  for  the  dielectric  constant  of  benzene.  According  to  recent  determinations 
benzene  has  a  dipole  moment  (  ft  •  10^*)  in  hexane  solution  of  0.08,  in  carbon  tetrachloride  of  0.06,  in  carbon 
disulfide  of  0.09  [22].  In  an  extensive  study  of  the  dipole  moment  of  47  derivatives  of  benzene,  Tiganik  [23] 
found  small  values  for  para-di-  and  symmetrically  disubstituted  derivatives  of  benzene,  but  they  were  quite 
different  from  zero  (in  the  range  0.12-0.70),  whereas  the  value  would  have  been  zero  in  the  event  of  equiva¬ 
lence  of  the  bonds  of  benzene  and  the  benzene  nucleus.  The  reality  of  the  small  dipole  moments  found  is  also 
demonstrated  by  the  constancy  of  a  series  of  ratios.  Thus,  according  to  the  concept  under  consideration  the 
following  values  would  result  for, the  ratios  of  the  moments  of  di-  and  symmetrically  tri-substituted  benzenes 
with  the  same  substituents  to  the  moments  of  the  corresponding  monosubstituted  compounds  ['*■1,  23], 


u 

OTthO 

=  1.73;  =  1 

M 

_  sym.  tri 

H 

mono 

M 

mono 

mono 

M 

mono 

Actually,  however,  these  ratios  are  substantially  constant  for  the  investigated  derivatives;  they  are  dif¬ 
ferent  from  the  values  demanded  by  the  above  theory,  and  (most  important  of  all)  the  last  two  ratios  are  not 
equal  to  zero;  they  are  respectively  approx.  1.420,  0.945,  0.144  and  0.178.  The  reality  of  the  observed  small 
moments  of  symmetrically  substituted  benzenes  is  also  evidenced  by  the  substantial  identity  between  the 
moments  of  the  trisubstituted  mesitylenes  and  of  the  sum  of  the  moments  of  the  corresponding  trisubstituted 
benzenes  (/i  •  10^*): 


Tri  chlorobenzene  0.28 

Mesitylene  0.07 

Total  0.35 

Trichloromesitylene  0.38 


Tribromobenzene  0.28 

Mesitylene  0.07 

Total  05 

Tribromomesitylene  0.35 


Trinitrobenzene  0.70 

Mesitylene  0.07 

Total  07 

Trinitromesitylene  0.79 


The  dipole  moments  of  hexasubstituted  benzenes  with  identical  substituents  are  not  zero  but  range  from 
0.1  to  0.79  [23]. 

Consequently  the  existing  experimental  data  testify  to  dipole  moments  that  differ  from  zero  in  the  case 
of  benzene  as  well  as  its  symmetrical  derivatives,  thereby  proving  that  benzene  does  not  possess  Djh  symmetry. 

4.  According  to  the  concept  under  consideration,  the  delocalization  of  the  six  ir- electrons  was  considered 
to  be  confirmed  by  the  considerable  anisotropy  of  the  magnetic  susceptibility  of  benzene  in  the  direction  per¬ 
pendicular  to  the  plane  of  the  ring;  this  anisotropy  is  explained  by  the  hypothesis  that  all  of  the  six  ir -electrons 
of  the  benzene  molecule  can  describe  a  complete  circle  round  the  whole  of  the  benzene  ring  without  any  locali- 
zation  of  them  [11,  24].*  • 

*  Only  the  phenyl  and  the  attached  methylene  group  is  written  out;  the  remainder  of  the  molecule  is  represented  by  R. 

•  ‘In  this  connection  benzene  has  been  likened  to  a  metal  in  which  the  tt -electrons  are  an  electronic  gas.  Cal¬ 
culations  have  been  made  for  benzene  on  this  basis  [25]. 
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This  movement  must  affect  the  degree  of  magnetic  symmetry  in  the  plane  of  the  benzene  ring  itself. 
This  hypothesis,  however,  is  at  variance  with  the  facts:  benzene  and  its  symmetrical  substituted  derivatives  pos¬ 
sess  magnetic  asymmetry  in  the  plane  of  the  ring  itself.  Thus,  the  diamagnetic  susceptibility  of  hexamethyl- 
benzene  is  highest  along  the  magnetic  axis  perpendicular  to  the  plane  of  the  benzene  ring  (Ks  =  - 163.8  •  10"*); 
this  is  also  true  of  all  planar  aromatic  molecules.  But  the  susceptibilities  in  the  directions  of  the  other  two 
magnetic  axes  of  the  hexam ethylbenzene  molecule,  perpendicular  to  Ks  and  therefore  lying  in  the  plane  of  the 
ring,  differ  from  one  another;  Kj  =  -101.1  •  10"®;  Kj  =  —102.7  •  10"®  ;  moreover  the  Kj  direction  forms  an  angle 
of  about  100*  with  the  line  passing  through  the  center  of  one  pair  of  carbon  atoms  and  methyl  groups;  this 
straight  line  forms  a  right  angle  with  the  K2  direction.  Krishnan  [26]  emphasizes  that  the  anisotropy  of  the  dia¬ 
magnetic  susceptibility  in  the  (001)  plane  of  the  benzene  ring  lies  outside  the  limits  of  experimental  error.  In 
this  connection  he  writes:  "We  must  draw  attention  to  the  small  but  definite  anisotropy  in  the  (001)  plane,*  i.e,, 
in  the  plane  of  the  benzene  ring.  In  the  same  connection  Selwood  writes  [27]  that  we  can  assume  that  benzene 
itself  does  not  possess  magnetic  symmetry  in  the  plane  of  the  ting  because  the  two  principal  susceptibilities 
in  the  plane  of  the  ring  are  slightly  different  from  one  another  in  the  case  of  any  of  the  investigated  deriva¬ 
tives  of  benzene.  This  is  observed  both  for  mono  -  and  polynuclear  (uncondensed  and  condensed)  aromatic 
molecules.  In  such  symmetrical  polynuclear  molecules  as  stilbene  (CgHg— CH=CH— QHs)  and  diphenylacety- 
lene(C6H5  — CsC— CgHs)  "extremely  high  anisotropy  in  the  plane  of  the  molecule"  is  found  [28]  (see  Table  1). 


TABLE  1 

Principal  Magnetic  Susceptibilities  of  Some  Molecules  (K  •  10®)  [26-29] 


Molecule 

1<3 

Hexamethylbenzene 

-101.1 

-102.7 

-163.8 

1 ,2 ,4 ,5  -  Tetram  ethyl  ben¬ 
zene 

-  77.3 

-  85.6 

-140.7 

p-Benzoquinone 

-  24.2 

-  27.9 

-  68.0 

Stilbene 

-  85.8 

-  50.1 

-209.6 

Diphenylacetylene 

-  81.5 

-  67.8 

-198.5 

Naphthalene 

-  39.4 

-  43.0 

-187.2 

Anthracene 

-  45.9 

-  52.7 

-272.5 

6  -Naphthol 

-  46.6 

-  50.2 

-194.4 

The  experimentally  established  diamagnetic  anisotropy  in  the  plane  of  the  benzene  ring  is  not  consistent 
with  Dgh  symmetry  of  benzene;  it  is  caused  by  unequal  distribution,  relative  to  the  Kj  and  K2  axes,  of  the 
tr -electrons  with  localization  of  the  latter  pairwise  in  three  conjugated  double  bonds.  The  anomalously  high 
magnetic  anisotropy  along  the  K3  axis  can  be  associated  only  with  restricted  movement  of  electrons  in  three 
conjugated  double  bonds  in  the  plane  of  the  ring.  Considerable  support  for  this  hypothesis  is  afforded  by  the 
circumstance  that  the  high  diamagnetic  anisotropy  in  the  direction  perpendicular  to  the  plane  of  the  molecule 
is  characteristic  not  only  of  aromatic  compounds  (where  it  is  particularly  marked)  but  also  of  other  substances 
with  conjugated- double  bonds  —  ketones,  fatty  acids,  esters  of  fatty  acids  and  unsaturated  alcohols  -  in  which 
there  can  be  no  question  at  all  of  any  restricted  circumscribing  movement  of  electrons  throughout  the  whole  of 
the  molecule  [28-29].  In  the  case,  for  example,  of  maleic  acid  with  its  three  conjugated  double  bonds,  which 
are  not  constrained  into  a  valence  ring,  the  diamagnetic  anisotropy  [30]  is  more  than  three  times  as  high  as  that 
of  benzene,  although  it  would  be  impossible  to  apply  here  the  theory  of  London  (on  the  free  movement  of  rr-elec 
trons  throughout  a  benzene  ring  [28]). 

5.  As  far  back  as  the  end  of  the  19th  century,  BfUhl  [8]  investigated  the  change  of  molecular  volumes  in 
the  series  of  cyclohexane— cyclohexene— cyclohexadiene  — benzene.  He  established  that  the  progressive  contrac¬ 
tion  in  the  above  order  of  the  series  is  substantially  identical  for  each  member  and  is  roughly  the  same  as  in  the 
corresponding  series  of  aliphatic  compounds*  (See  Table  2). 


•We  have  corrected  the  data  in  accordance  with  the  later  data  for  atomic  weights  and  densities. 
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TABLE  2 


The  volume  of  benzene  is  an  additive  magni¬ 
tude  [10];  it  can  be  calculated  from  the  well-known 
formula  of  Kopp,  with  allowance  for  the  contraction 
due  to  the  three  double  bonds. 

6.  BrQhl  calculated  the  theoretical  magnitude 
of  the  molar  fraction  of  benzene  on  the  assumption 
that  the  molecule  contained  three  ethylenic  bonds; 
his  value  was  in  agreement  with  the  experimental 
one.  At  the  present  time  the  absence  of  an  exalta¬ 
tion  of  refraction  in  benzene  is  well  authenticated; 
its  molar  refraction  is  an  additive  magnitude  (equal  to  the  sum  of  the  refractions  of  the  six  C— H  bonds,  three 
C— C  bonds  and  three  C=C  bonds). 

On  the  basis  of  his  investigations  on  the  molar  volume  and  molar  refraction  of  benzene,  Brilhl  [8]  con¬ 
cluded  that  benzene  must  contain  ethylenic  bonds  (three).  This  is  consistent  with  all  of  the  data  considered 
above,  supports  the  Butlerov-Kekul^  structural  formula  of  benzene,  and  refutes  the  previously  considered  hypo¬ 
thesis  that  three  conjugated  double  bonds  are  absent  from  benzene.  Supporters  of  the  latter  theory  attribute 
the  additivity  of  refraction  in  benzene  to  its  alleged  nonpolarity  (see  [12],  p.  244)  or  even  more  simply  to  the 
fortuitousness  (I)  of  this  additivity  in  benzene  (see  [31],  pp.  282  and  209),  thereby  ignoring  the  fact  that  their 
theory  is  at  variance  with  -experiment. 

7.  If  the  benzene  molecule  had  Dgh  symmetry  it  should  possess  a  center  of  symmetry,  and  an  alternating 
prohibition  should  ensue;  the  Raman  spectrum  should  not  contain  frequencies  of  the  infrared  absorption  spec¬ 
trum,  and  conversely.  In  the  spectra  of  liquid  benzene,  as  we  found  in  agreement  with  other  authors  [11,  22] 
the  alternative  prohibition  is  not  manifested;  the  Raman  spectrum  contains  the  "prohibited"  (according  to 
Ingold  and  others)  frequencies  of  685,  1033  and  1480.  Consequently,  the  molecule  of  liquid  benzene  lacks  Dgh 
symmetry.  But  chemical  evaluations  of  the  reactivity  of  benzene  and  of  its  properties  are  made  in  the  over¬ 
whelming  majority  of  cases  precisely  on  the  basis  of  the  reactions  of  liquid  benzene. 

Ingold's  alternative  prohibition  has  indeed  only  been  established  for  benzene  in  the  vapor  phase.  Two 
facts  must  be  remembered,  however,  when  we  consider  the  value  of  this  observation  for  solution  of  the  benzene 
problem.  The  absence  of  the  alternative  prohibition  in  the  liquid  phase  of  benzene  has  been  directly  demon¬ 
strated  by  experiment  (measurement  of  the  corresponding  frequencies).  Occurrence  of  the  alternative  pro¬ 
hibition  in  the  gas  phase  is  inferred  from  die  absence  of  the  corresponding  frequencies.  But  the  frequencies 
involved  have  low  intensity  in  the  respective  spectra  (Raman  and  infrared),  and  they  are  not  always  observed 
even  in  the  spectrum  of  liquid  benzene.*  They  are  still  more  difficult  to  detect  in  the  vapor  phase,  especially 
in  the  Raman  spectra.  The  experiment  in  question  cannot  be  considered  decisive  for  determination  of  the 
symmetry  of  benzene  in  the  vapor  phase,  especially  since  the  vapor  phase  is  used  in  the  electron  diffraction 
investigations;  but  they  do  testify,  in  harmony  with  other  data,  to  the  probability  (with  a  certain  degree  of 
approximation  —  see  above)  of  rather  than  Dgji  symmetry.  This  assertion  is  convincingly  supported  by  the 
following  observation  by  Herzberg  [34]:  "By  the  symmetry  of  a  molecule  we  understand  the  symmetry  of  con¬ 
figuration  of  its  nuclei;  i.e.,  its  nuclear  skeleton.  The  position  and  type  of  the  nuclei  determine  its  symmetry." 
As  we  have  seen,  the  geometry  of  the  nuclear  skeleton  of  benzene,  neglecting  the  third  place,  is  close  to  Dgh 
symmetry,  and  only  when  the  third  place  is  taken  into  account  does  it  become  apparent  that  the  symmetry  is 
lower.  This  closeness  of  benzene  to  Dgh  symmetry  (which  it  does  not  possess)  also  makes  the  development  in 
the  vapor  phase  of  the  substance  of  all  the  physical  properties  of  the  molecule  that  correspond  to  the  actual 
symmetry  which  is  lower  than  Dgh;  in  particular  it  makes  the  appearance  in  the  spectra  of  the  above-mentioned 
weak  frequencies  so  that  the  impression  of  the  alternating  prohibition  is  created.  The  mechanical  criterion 
here  considered  is  too  rough  in  the  present  case  to  reflect  the  extremely  fine  but  fundamentally  important  de¬ 
tails  of  the  structure  of  the  benzene  molecule. 

8.  In  the  Raman  spectrum  of  benzene  are  observed  two  frequencies  at  1584  and  1605  cm  ^  in  the  region 
characteristic  of  a  double  bond;  in  the  infrared  spectrum  one  principal  frequency  is  observed  at  1617  cm 

•In  the  second  paper  of  [33],  for  example,  they  suggested  that  failure  to  detect  the  frequencies  might  be  due 
to  insufficient  exposure,  poor  sensitivity  of  the  photographic  plates,  etc. 


Compound 

Molar  volume 
at  20* 

Contraction 

in  volume 

Cyclohexane 

108.13 

Cyclohexene 

101.47 

-6.66 

Cyclohex  adiene 

95.26 

-6.21 

Benzene 

88.85 

-6.41 
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which  Is  also  exhibited  by  the  spectrum  of  QDg  [11,  34].  The  resonance- mesomerism  theory,  which  denies  the 
existence  of  double  bonds  in  benzene,  interprets  the  above-noted  Raman  frequencies  on  the  basis  (see  above)  of 
the  experimentally  unsupported  model  of  benzene  with  Dg^  symmetry,  as  well  as  on  the  basis  of  Wilson’s  theory 
[35]  which  has  now  been  refuted  by  a  body  of  experimental  material.  According  to  this  theory  [11,  35]  the 
Raman  spectrum  of  benzene  contains  not  two  principal  frequencies  but  one  principal  frequency  at  1595  cm"^ 
which  splits  into  two  due  to  Fermi  resonance,  and  the  latter  is  allegedly  caused  by  the  fortuitous  coincidence 
in  the  benzene  spectrum  of  the  principal  frequency  in  question  with  the  natural  frequency  606  +  992  =  1598  cm"*. 
The  alleged  fortuitous  effect  is  proved,  according  to  Wilson,  by  the  fact  that  the  Raman  spectra  of  benzene  de¬ 
rivatives  contain  only  one  line  in  the  1600  cm'*  region,  and  a  doublet  is  not  observed  in  any  of  them.  Thus  the 
doublet  of  frequencies  in  the  region  of  the  double  bond  is  found  to  be  "eliminated"  from  the  benzene  spectrum, 
and  the  normal  1595  cm  *  frequency  is  arbitrarily  assigned  to  one  of  the  vibrations  previously  assumed  for  ben¬ 
zene  by  the  authors  of  the  above-mentioned  Dgh  benzene  model  (vibrations  of  the  two  halves  of  the  molecule 
relative  to  one  another).  But  these  speculations  are  in  crass  contradiction  with  the  now  available  body  of  ex¬ 
perimental  material  which  largely  did  not  exist  at  the  time  of  publication  of  Wilson’s  work  and  which  shows 
that,  without  exception,  all  compounds  with  a  benzene  nucleus  possess  a  frequency  in  the  double-bond  region, 
and  in  the  overwhelming  majority  of  cases  in  the  form  of  a  doublet.*  This  is  true  (again  in  the  overwhelming 
majority  of  cases)  even  when  Fermi  resonance  is  completely  absent.  It  is  clear  also  that  in  benzene  the  doublet 
in  the  double-bond  region  is  not  associated  with  fortuitous  conditions  for  the  development  of  the  Fermi  reson¬ 
ance  but  with  the  same  factors  that  come  into  play  in  all  other  compounds  with  a  benzene  ring.  At  the  same 
time  the  hypothesis  of  the  presence  of  one  normal  frequency  at  1595  cm'*  in  the  double-bond  region  must  of 
course  be  rejected  for  several  reasons:  a)  there  is  no  such  frequency  in  the  benzene  spectrum  but  there  is  a  doub¬ 
let;  b)  this  frequency  was  assigned  on  the  basis  of  the  hypothesis  of  Dgh  symmetry  of  benzene,  which  is  not 
only  not  confirmed  by  the  experimental  data  but  is  refuted  by  them;  c)  none  of  the  hitherto  investigated  hydro¬ 
carbon  molecules  or  their  substituted  derivatives  has  been  found  to  possess  a  principal  frequency  (we  are  not 
concerned  here  with  proper  frequencies)  except  when  double  bonds  have  been  absent  from  the  molecule;  simi¬ 
larly  the  frequency  of  the  vibrations  of  two  halves  of  the  molecule  relative  to  one  another  (as  arbitrarily 
assumed  by  Wilson)  cannot  be  developed  in  this  region  due  to  the  magnitude  of  their  masses;  frequencies  of 
this  type  of  vibrations  are  usually  observed  in  a  region  very  much  lower  than  even  1000  cm“l. 

The  presence  in  the  benzene  spectrum  of  principal  frequencies  in  the  double-bond  region  is  an  experi¬ 
mental  fact  which  testifies  to  the  presence  in  the  benzene  ring  of  three  conjugated  double  bonds.  Their  inter¬ 
action  leads  to  the  usual  resolution  of  the  characteristic  frequency;  in  the  present  case  three  components  are 
formed:  1)  the  frequency  of  the  unsymmetrical  vibration  of  the  double  bonds  (1617  cm'*)  appears  in  the  infra¬ 
red  spectrum;  2)  a  symmetrical  vibration  frequency  appears  in  the  Raman  spectrum;  due  to  the  possible  inter¬ 
action  with  the  frequency  of  the  pulsating  vibration  of  the  ring  (992  cm'*)  it  splits  into  two  —  1584  and  1605  cm'* 
(these  vibrations  are  executed  respectively  in  the  positions  of  maximum  extension  and  compression  of  the  ring, 
in  which  the  molecule  exists  for  the  longest  time  during  the  period  of  pulsating  vibration). 

The  antisymmetrical  vibration  is  the  cause  of  the  actual  symmetry  of  the  nuclear  skeleton  of  benzene 
(averaged  over  the  whole  of  the  vibrational  states)  being  lower  than  D^h  (see  above)  in  the  liquid  and  vapor 
phases  and  in  the  solid  state,  at  any  rate  in  the  temperature  region  remote  from  absolute  zero. 

9.  The  interaction  in  benzene  of  three  conjugated  double  bonds  is  confirmed  not  only  by  the  splitting  of 
the  double-bond  frequency  but  also  by  the  shift  of  the  ultraviolet  absorption  band  into  the  longer  wave  region 
in  comparison,  for  example,  with  3-octene  (one  double  bond),  1,3-butadiene  (two  double  bonds).  This  absorp¬ 
tion  band  is  present  in  benzene  at  the  same  level  as  in  hexatriene  (3-octene,  185;  1,3-butadiene,  217;  hexatri- 
ene,  258;  octatetraene,  296;  benzene,  255  m  /i  [36]).  This  interaction  of  three  localized  conjugated  double 
bonds  (their  electromagnetic  and  other  fields)  leads  to  contraction  of  the  three  single  bonds  of  benzene  (as  it 
were  under  an  "external"  force)  without  imparting  to  them  a  new  quality  —  double-bond  character,  since  this 
would  have  required  the  possession  by  them  of  a  second  pair  of  electrons;  the  latter,  however,  remain  localized 
in  the  neighboring  (double)  bonds.  Reserve  forces  are  available  for  this  type  of  contraction  "from  outside"  in 

•Thus  the  Raman  spectra  of  23  benzene  derivatives  are  described  in  the  second  publication  cited  in  [33],  and 
each  of  these  spectra  (without  exception)  contains  a  doublet  in  the  double-bond  region.  A  frequency  doublet  in 
the  same  region  is  likewise  present  in  the  spectra  of  15  organosilicon  compounds  with  a  benzene  ring  that  we 
investigated. 
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the  case  of  single  CC  bonds,  since  the  forces  of  repulsion  between  their  carbon  atoms  are  still  far  from  their 
maximum;  they  are  close  to  that  in  the  acetylenic  bond  in  which  the  length  of  the  CC  bond  is  shortened  already 
to  approximately  1.20  A.*  The  consequence  of  all  this  is  that  the  nuclear  skeleton  of  benzene  becomes  mark¬ 
edly  and  slightly  unsymmetrically  compressed;  whereas  in  cyclohexane  the  CC  bond  length  is  about  1.53  A,  in 
benzene  (see  above)  the  length  of  the  single  CC  bond  is  approx.  1.382  A  and  that  of  the  double  CC  bond  is 
approx.  1.375  A,  i.e.,  slightly  increased.*  •  The  nuclear  skeleton  of  benzene  has  a  symmetry  close  to  that  of 
Dgh  model,  and  only  when  the  third  place  is  taken  into  account  is  its  true,  lower  symmetry  manifested;  the 
latter,  however,  can  only  approximately  (see  above)  be  said  to  correspond  to  symmetry.  The  interaction 
of  the  three  pairs  of  ir -electrons  imparts  additional  stability  to  the  benzene  ring;  it  also  leads  to  some  lower¬ 
ing  of  the  electronization  of  the  double  bonds  in  benzene  (and  in  turn  to  a  lowered  reactivity),  as  indicated  by 
the  relatively  low  double-bond  region  in  the  spectrum  of  benzene.  In  cyclooctatetraene  the  mechanical  and 
electromagnetic  interactions  of  the  four  conjugated  double  bonds  are  more  complex,  as  is  reflected  in  a  larger 
number  of  frequencies  in  the  double-bond  region  which  are  shifted  a  relatively  long  distance  toward  the  higher 
frequencies  (in  the  Raman  spectrum):  1570,  1604,  1635,  1654,  1744  cm"^).  This  behavior  is  an  indication  that 
cyclooctatetraene  passes  through  a  vibrational  state  in  which  its  double  bonds  are  highly  electronized  and  reac¬ 
tive,  so  that  cyclooctatetraene  is  lacking  in  aromatic  character. 

10.  Levine  and  Cole  [37]  ozonized  o-xylene  after  proposing  that  it  exists  as  a  mixture  of  two  isomers  — 
1,2  and  1,6.  In  the  products  of  ozonization  they  indeed  found  all  of  the  substances  to  be  expected  on  the  basis 
of  such  a  hypothesis  (glyoxal,  methylglyoxal  and  diacetyl): 

DCH,  [ZCH.COCHO  fCH.COCOCH, 

+  0  J  ’  ;  +  O3  J 

CHj  —  [*CH0CH0  -*[+2CH0CHn 


Diepolder  and  Mills  and  Nixon  [38]  coupled  diazo  compounds  with  1,3,4-xylenols  and  obtained  two  pro¬ 
ducts,  as  would  be  expected  if  1,3,4-xylenol  exists  in  two  forms  (in  one  of  which  there  are  two  methyl  groups 
at  a  double  bond  and  in  the  second  two  methyl  groups  at  a  single  bond)  and  if  couplir^  always  takes  place  in 
a  carbon  chain  linked  to  the  hydroxyl  group  by  a  double  bond: 


OH 

OH 

L  3 

CII3 

CH3 

These  and  other  similar  results  of  chemical  experiment  [39],  in  agreement  with  all  of  the  facts  presented 
above,  must  be  regarded  as  direct  chemical  evidence  of  the  existence  in  benzene  and  benzene  rings  of  three 
conjugated  double  bonds. 


SUMMARY 

The  existing  experimental  data  do  not  confirm  the  Djji  symmetry  of  the  benzene  molecule;  they  support 
the  Butlerov-Kekul^  formula  of  the  structure  of  benzene  with  three  conjugated,  slightly  elongated  double  bonds 
and  three  shortened  single  bonds  in  a  ring.  This  molecule  is  only  approximately  characterized  by  symmetry 
and  in  fact  possess  a  lower  symmetry. 


•  Cases  have  been  observed  in  which  the  whole  skeleton  of  a  molecule  causes  the  double  bond  to  be  stretched  to 
the  level  of  a  single  bond  (see  above  data  for  anthracene),  so  that  the  double  bond  containing  a  pair  of  tt -elec¬ 
trons  nevertheless  loses  the  characteristics  of  a  double  bond  (characteristic  length  and  in  turn  the  characteristic 
frequency,  etc.). 

•  •  See  [40]  for  more  details. 
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